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THE NON- SPECIFICITY OF THE GERM-LAYERS 

By jane M. OPPENHEIMER 

Department of Zoolog y ^ University of Rochester, Rochester, N . Y., and Department of 
Biology, Bryn N[awr Colie yi^e, Bryn Mawr, Penna. 


Eigciirlicli hc^innt in jeder tlicscr drei 
Schichtcn cijic ci^cnc Metamorphose, und jede 
cilt ihrcm /iele eiugegen; allcMfi es 1st jede noch 
nicht selbststandi^ allein das dar- 

ZListcIlen, vvo/.u sie bestimmt ist; sie bedarf 
noch der Hulfe ihrer Gefahrtinnen, und daher 
vvirken alle drey, ob^leich schon zu ver- 
schiedenen /wee ken besrimmr, dennoch, bis 
jede eine bestinimte Hohe erreichr hat, 
gcmcinsc'hafriich ziisammen. . . . 

(dir. Pander, 

INTRODUCTION 

P ROBABLY the single set of facts 
that biologists who specialize in 
other branches of their science 
than embryology carry away in 
their store of general information is that 
describing the histological accomplish- 
ments of the germ-layers. The embryol- 
ogists themselves as pedagogues are prob- 
ably more dogmatic concerning these facts 
than concerning any other [the recent 
edition of the Brachet ("1935} textbook is a 
welcome exception]. The fixed and sim- 
ple concept as expressed in the germ-layer 
doctrine is easy to remember and accord- 
ingly has been gratefully retained for its 
usefulness as a rule of thumb. 


Time and time again contradictions 
have found their way into the specialized 
literature of embryology but they have 
only rarely penetrated into general con- 
sciousness. Since the recent work in 
embryology has had important bearings 
on the problem, it seems well to review the 
field once more. The historical approach 
to the problem has been chosen simply 
because it is so interesting to trace through 
the dogged attempt of the human mind to 
cling to a fixed idea. 

EARLY HISTORY 

Lip to the middle of the eighteenth 
century, the existence of the process of 
development was recognized, but its 
constituent mechanisms were quite un- 
known. Aristotle, Fabricius, Harvey and 
many others less illustrious had seen em- 
bryos or foetuses and had even watched 
them develop; they had seen in them the 
forerunners of adult structures, and had 
noted the appearance of some of these. 
How the structures were formed - what 
their source and what their material was 
a question unaskable for many reasons. 
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In the earlier days of embryology, before 
the Renaissance, unquestioning belief in a 
rigidly Aristotelian philosophy limited 
the explanation of all biological processes, 
development included, to the basis of a 
concoction of four humours. Even after 
the Renaissance, when this explanation 
had been abandoned in anatomy, it suf- 
ficed for embryology because no one 
could detect, with unaided eye, those 
developmental processes whose very exist- 
ence defied suspicion until the invention 
of the microscope. 

For some reason embryologists delayed 
using this instrument until a century after 
its introduction, and then, ironically 
enough, the results of its first employment 
denied the process of development. Mal- 
pighi, in perhaps the most famous error 
of biology, thought that he discovered 
the principal adult organs present in the 
unincubated egg. It was in the refutation 
of this error, that the possibility that 
there might be such a thing as a germ- 
layer was called into existence. Caspar 
Friedrich Wolff (175S; 1812.) looked at 
the unincubated chick blastoderm and 
found that the organ rudiments were not 
yet present in it. He further found that 
later the gut and probably also the nerv- 
ous system were formed by a process of 
folding of a layer of the stuff of which 
the blastoderm is composed. 

Wolff, however, simply saw that the 
adult organs were not necessarily pre- 
formed in the un incubated blastoderm, 
but that some of them were formed later 
from layers of the blastoderm. It was 
Pander, however, student of Dollinger, 
who really elucidated what these layers 
were. 

IIRST DESCRIPTION Ol' THE LAYERS 

Christian Pander, in his two papers 
published in Wurzburg in 1817, first de- 
scribed the trilaminar structure of the 


incubated chick blastoderm. [It was 
Pander who originally coined the word 
“blastoderm”: “Because the embryo 
chooses this as its scat and its domicile, 
contributing much to its configuration 
out of its own substance, therefore in the 
future we shall call it blastoderm'* (1817b, 
p. 2.1). J His own description of the 
three layers (1817a, pp- 5, 11-12.) is better 
translated than paraphrased: 

At the twelfth hour the blastoderm consists of 
two entirely separate layers, an inner one, thicker, 
granular and opaque, and an outer one, thinner, 
smooth and transparent. The latter, because of its 
development and for the sake of greater accuracy of 
description, we may call the serous layer and the 
former the mucous layer. . . . There arises between 
the two layers of the blastoderm a third middle one 
in which the blood vessels are formed, which we 
therefore call the vessel-layer; from its origin events 
of the greatest importance subsequently occur. . . . 
Actually there begins in each of these three layers 
a particular metamorphosis, and each one strives to 
achieve its goal; only each is not yet sufficiently 
independent by itself to produce that for which it is 
destined. Each one still needs the help of its com- 
panions; and therefore all three, until each has 
reached a spcciiic level, work mutually together al- 
though destined for different ends. 

Pander not only recognized the layers 
once they were formed, but he also realized 
dearly that one layer was formed at the 
expense of another. He wrote elsewhere 
(1817b, pp. 16-17); 

What merits most attention is the composition of 
the blastoderm out of two layers. For before incu- 
bation this membrane consists of a single layer, made 
up of granules which cohere to each other by their 
own viscosity. As incubation progresses, however, 
there originates from this another layer, more deli- 
cate but firmer in structure, so that at a specific time 
the blastoderm can be divided by a fairly long macera- 
tion into two layers. 

ELABORATION OF THE GERM-LAYER CONCEPT 

Pander crystallized the germ-layer con- 
cept for the chick embryo. His friend and 
colleague, Karl Ernst von Baer, also a 
student of Dollingcr’s, extended it to 
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encompass all of vertebrate development, 
thereby laying down the fundamental 
bases for the study of comparative em- 
bryology. 

Von Baer (1837, Bd. 2., S. 68) recog- 
nized the value of Pander’s contribution; 


We can speak of an upper and a lower layer; the 
former we call the skin layer and the latter the 
mucous layer. The material that lies between the 
two clings partly to the upper layer and partly to the 
lower. In this way there gradually develop two 
inner layers, an upper and a lower. In the lower of 
the inner layers the granules become clear and dis- 



Karl Ernst von Baer (1792. 1876) 


only in a way he reorganized it perhaps a 
trifle too assiduously, since he unjusti- 
fiably stretched Pander’s three layers to 
four, breaking up the middle layer into 
two layers — roughly the equivalent of 
what we know as somatopleure and 
splanchnopleure: 


solve into vesicles, and finally part of the contents 
of this layer begins to flow. It becomes a vessel- 
layer. In the upper the granules become darker; 
this becomes a flesh- or muscle-layer. 

It seems hardly necessary to emphasize 
that von Baer’s most significant con- 
tribution, so far as the germ-layers are 
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concerned, was the recognition of the fact 
that Pander’s discovery for the chick was 
valid for all the rest of vertebrate develojv 
ment. This has been the basis of embry- 
ology from von Baer’s time until today. 

The question often arises as to what the 
status of embryology would be without 
the contribution of von Baer. It might 
conceivably be little different than it is, 
because of the insight of another in- 
vestigator who had the misfortune, from 
posterity’s point of view, to be a con- 
temporary of von Baer. In 187.5, several 
years before the publication of von Baer’s 
treatise, Martin Heinrich Rathke, who 
had read Pander’s paper, applied this 
author’s observations on the germ-layers 
to the development of an invertebrate, 
Astacus, describing the splitting of the 
blastoderm into a serous and mucous 
layer which fit one inside the other “like 
the coats of an onion’’ (quoted in E. S. 
Russell, 15)16, p. 108). As a matter of 
fact Rathke seems to have applied Pan- 
der’s figurative vocabulary as well as his 
concept to the invertebrates, since he 
wrote, without anywhere in his paper 
referring to Pander: “After the blastoderm 
has divided into two particular layers, 
each of these layers proceeds by itself 
towards its final goal’’ (translated from 
Rathke, 182.5; PP- ^094 5). So much 
was stated in the preliminary note. The 
final paper, which was published in 1819, 
described the layers more explicitly: 

One of rhcni clings closely ro the voile and cor- 
responds to the mucous layer of vertebrates, and is 
subsequently used for the production of the intestine 
and of a special yolk-sac. The other, on the other 
hand, is essentially comparable to the serous laver 
of the vertebrate, insofar as it . . . forms the bodv 
wall of the embryo, from which the dilierent ap- 
pendages as well as the central part of the central 
nervous system take their origin. A special and 
separate vessel-layer is never perceptible . . . [there 
is] more the idea of it than its actual presence. 
(Translated from Bracm, 1895, S. 493.) 


These words show clearly that Rathke 
saw the implication of Pander’s discovery 
as well as did von Baer. He was able to 
transfer the analogy even to the Inverte- 
brates. His work was less well known 
than von Baer’s, probably principally 
because his generalizations were more on 
the embryological and less on the trans- 
cendental side. So far as their actual con- 
tent is concerned, it would have made as 
solid a groundwork on which to build the 
science of embryology as the more cele- 
brated Scholia of von Baer. 

The significance of von Baer’s concept 
was immediately recognized. In one 
way, however, it seemed almost a cul- 
mination rather than a new point of 
departure, and for many years the concept 
was accepted with only slight amplifica- 
tion and refinement. 

The refining, very nearly completed by 
Robert Remak between 1850 and 1855, 
consisted of a double process: first, the 
interpretation of the germ-layers as com- 
posed of cells which were derived from 
the single cell of the original egg; second, 
the essentially correct demonstration that 
each of the germ-layers has a specific 
histological future. Remak recognized 
two primary germ-layers: (i) the upper, 
or sensory layer, subdivided into medul- 
lary plate and its derivatives, and the 
epidermic plate, and (2.) the under layer 
subdivided into C2.a) the trophic layer 
which gives rise to the alimentary canal 
and its derivatives, and (ib) the motor- 
germi native layer which furnishes pe- 
ripheral nerves, muscle, blood vessels, 
connective tissue, sex glands, etc. Fur- 
thermore, this middle motorgerminative 
layer is separated into dorsal and ventral 
somite plates by the pleuroperitoneal 
cavity, which is the precise equivalent 
of what we know as the coelome. It 
is obvious that these are the pre- 
cise facts of the germ-layer concept as 
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we recognize them today, with the 
exception of the one major error concern- 
ing the origin of the peripheral nerves. 

X5ERM-LAYERS IN THE VERTEBRATE EMBRYO 
AND THE ADULT COELENTERATE 

Even before Remak had published his 
book, one investigator was beginning to 
realize that the two so-called primary 
germ-layers formed as fundamental a part 
in the architecture of the adult coelen- 
terate as in the molding of the vertebrate 
embryo, and he laid the foundation of 
what was subsequently to become the 
whole superstructure of phylogenetic and 
ontogenetic studies so extravagantly elab- 
orated by the adherents of the evolution 
concept. 

Huxley is credited with this discovery. 
He wrote, in a matter-of-fact manner, in a 
short paper “On the Anatomy and Af- 
finities of the Family of the Medusae” 
<1849, pp. 414, 415): 

I would lay particular stress upon the composi- 
tion of this (stomach) and other organs of the 
Medusae out of tu'o distinct membranes ^ as I believe 
that this is one of the essential peculiarities of their 
structure, and that a knowledge of the fact is of 
great importance in investigating their homologies. 
I will call these two membranes as such, and inde- 
pendent of any modification into particular organs, 
‘foundation membranes’. ... A complete identity 
of structure connects the ‘foundation membranes’ 
of the Medusae with the corresponding organs in the 
rest of the series; and it is curious to remark, that 
throughout the outer and the inner membranes ap- 
pear to bear the same physiological relation to one 
another as do the serous and the mucous layer of the 
germ; the outer becoming developed into the muscular 
system and giving rise to the organs of offense and 
defense; the inner, on the other hand, appearing to 
be more closely subservient to the purposes of nutri- 
tion and generation. 

In a way, it is almost surprising that 
this discovery had not been made earlier, 
in view of the fact that Rathke had so 
early noted that Invertebrates as well as 
Vertebrates were bilaminar in early de- 
velopment. Also, Cuvier, as Huxley knew. 


had remarked on the bilaminar structure 
of the Coelenterates. In speaking of the 
Tubularians, Cuvier wrote (1846, p. 557): 

Here the polvps do not form simple aggregations 
in which the individuals are distinct: but they arc 
intimately united in such a way that they compose a 
more or less complicated individual which we call 
a compound polyp. 

Whatever way the compound polyp is composed, 
the alimentary or digestive cavity of each polyp 
opens into a common nutritive tube, into which 
flows, or is secreted, the nutrient fluid produced by 
the digestive processes of each polyp. 

The walls of the nutritive tube are formed by a 
double membrane, always intimately fused in this 
part of the compound polyp; the external corre- 
sponds to the skin; the internal is a continuation of 
the digestive portion of the alimentary cavity (of 
the individual polyps). 

The former, in the compound polyp, secretes 
from its external surface a tube or sheath, thin like 
parchment, or horny in nature. . . . 

As a matter of fact, however, the in- 
vestigator who came closest to anticipat- 
ing Huxley’s brilliant generalization was 
none other than von Baer himself. Von 
Baer (1837, Bd. l, S. 67) early compared 
the primary germ-layers with the w^lls 
of the coclenterate, in the following 
statement: 

Yet originally there are not two distinct or even 
separable layers, it is rather the two surfaces of the 
embryo which show this difTcrence, just as polyps 
show the same contrast between their internal di- 
gestive and external surface. In between the two 
layers there is in our embryo as in the polyp an in- 
different mass. 

The primary germ-layers of the Coelen- 
terates were given their definitive names 
shortly after the publication of Huxley’s 
paper. In a paper “On the Anatomy and 
Physiology of Cordylophora," Allman wrote 
in 1853 (p. 368): “All the hydroid zo- 
ophytes can be proved to consist essen- 
tially of two distinct membranes; to the 
external of these membranes I shall give 
the name of ectoderm, and to the internal 
that of endoderm.” 
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In spite of its importance, the implica- 
tions of Huxley’s brilliant observation 
remained unnoticed for almost twenty 
years. Haeckel’s Generelle Morphologies for 
instance, published in 1866, makes no 
mention of the germ-layers. The dearth 
of progress is perhaps nowhere better 
shown than by a study of Huxley’s own 
Introduction to the Classification of AnimalSs 
published in 1869, exactly ^.o years after 
his first statement concerning the Me- 
dusae. In this book, the only statements 
concerning the germ-layers are: (i) that 
the Hydrozoa are separated into two layers 
of tissue, the ectoderm and the endoderm, 
(2.) that the Actinozoa arc likewise con- 
structed of two membranes, ectoderm and 
endoderm, (3) that the author can con- 
firm Remak’s statement that the brain 
and spinal cord of Vertebrates are a result 
of the modification of the serous layer of 
the germ, and (4) that the serous layer 
of the germ helps to form the amnion in 
the chick embryo while the allantois is 
formed from neither mucous nor serous 
layer but from the intermediate stratum. 
In no case here docs he mention any rela- 
tionship between coclcntcrate ectoderm 
and endoderm on the one hand and em- 
bryonic serous and mucous layers on the 
other. In other words, although Huxley 
had appreciated the fundamental relation- 
ship between the body-layers of Inverte- 
brates and the embryonic layers of Verte- 
brates, yet twenty years later he and all 
other investigators were still waiting to 
utilize the generalization in any way, 
even for pedagogic reasons. 

Even at this early date, before the word 
mesoderm had even been coined, and be- 
fore the obvious generalization had been 
made, the germ-layer concept became sub- 
ject to distortion. In t86^ William His 
formulated his “archiblast-parablast” 
theory. This theory, based on a study 
of the extremely specialized tcleostcan 


development, claimed that the archiblast, 
composed of the three classical germ- 
layers, gives rise to all the embryo except 
the blood vessels and connective tissue 
which are furnished by the parablast. 
His’s theory bore little lasting effect on 
the development of embryology, and 
fortunately was ultimately abandoned 
even by its author. But it gives perhaps 
the first example of the way in which the 
germ-layer theory has been distorted in 
the course of its development. 

EVOLUTIONARY SIGNIFICANCE OF THE GERM 
LAYERS 

In the same years when Huxley was 
issuing lectures on comparative anatomy 
that included the words ectoderm and 
endoderm only in discussion of the Coel- 
entcrates, and when His was worrying 
about the archiblast and parablast, a 
Russian investigator was making the 
observations that were most instrumental 
—partly because of their own inherent 
worth and brilliance, partly because of 
the fortunate time at which they were 
published — in effecting the bond between 
embryology and anatomy, and between 
the study of ontogeny and phylogeny. 

Alexander Kowalewski, in the years 
1867-71, found that all the invertebrate 
embryos he studied, and these were of 
many types, were formed of the same 
primary layers as the vertebrate embryos, 
and, furthermore, that in all of them 
alike the layers arise in the same fashion, 
the inner layer being produced from the 
outer by a process of invagination. 
Kowalewski ’s words can speak for himself 
more convincingly than we can speak for 
him (1867a, p. 3): 

The first change in the embryo [Psolims, a holo- 
thurianj consists of an insignificant invagination 
which becomes visible at one pole of the egg, and 
whereby the whole embryo takes on a somewhat 
conical form. The invagination progresses gradu- 
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ally farther and after a few hours forms a deep 
sack. ... A similar division of the cells of the em- 
bryo into two layers, an outer and a central one, I 
have also observed in many other animals, and es- 
pecially clearly in the eggs of Phoronis. 

Nineteen days later, when he presented 
his paper on Amphioxus^' (1867b, pp. 
3, 5), the generalization had broadened 
considerably: 

The embryo now consists of two sheets or germ- 
layers, the outer and the inner; we can therefore 
compare it with the embryonic anlage of the bird, 
mammal and turtle-egg, when these still consist of 
two layers. If we compare figure 15 of Reichert’s 
paper on the development of the guinea-pig with our 
figures 8 and 9, the similarity between these two 
forms of development immediately strikes us. . . . 
The embryo quite agrees, even in the most insignifi- 
cant details, with the embryo of the corresponding 
stages of PhoroniSy of LimnaeuSy of Asteracanthion 
htrylinus Ag., of Ophiura and of Echinus y according 
to my own still unpublished observations; and if we 
leave the cilia out of consideration, our larva agrees 
also with the corresponding stage of Sagittay of the 
Ascidians (^As. intestinalis and Phalusia mammillata); 
if we consider that the segmentation cavity is filled 
with yolk, it resembles also the larva of Escholt%tay 
of Cestum and of Septola, In all of the embryos men- 
tioned here the formation of the two laminae or 
layers proceeds in exactly the same way. . . . Thus 
the first formation of the embryo would be quite in 
agreement for all these different animals; only in the 
further changes do we see appear the differences 
which characterize the individual type. 

And in 1869 (p. ^9), he wrote in a paper 
on worms and arthropods: 

Now if we compare the development of the worms 
we have described with that of other animals, the 
analogy of the germ-layers of the worms with those 
of the Vertebrates, even in the details, astonishes us. 
The same two primitive layers which play the lead- 
ing r 61 cs in the development of the worm appear also 
in the Vertebrates; as in the one group so in the other 
the middle layer appears only later. The destinies of 
the layers and of the organ anlagen are in very great 
agreement even down to the individual processes. 

Rathke’s comparison of the embryonic 
germ-layers of Vertebrates and Inverte- 
brates remained buried. Huxley’s recog- 


nition of the relationship of the germ- 
layers in the adult coelenterate and the 
embryonic vertebrate, so strangely antici- 
pated by von Baer, scarcely received 
comment for twe decades. But the re- 
searches of Kowalewski bore immediate 
fruit. By 1870 the scientific world was 
flaming with the debate on evolution that 
was kindled by the publication of Dar- 
win’s Origin of Species. The publication 
of Kowalewski *s observations on the 
universality of the germ-layers and on 
their comparable origin in a multitude of 
forms made it possible to consider the 
evolution of the individual and the evolu- 
tion of the race in the same light. The 
decade of the 1870’s saw embryology 
adduced as a complete confirmation of the 
evolution-hypothesis, and the evolution 
of the race as an explanation sine qua 
non of the course of evolution or develop- 
ment of the individual. 

The first significant attempt to relate 
phylogeny with ontogeny was that of 
Kleinenberg, who published in 1871 
his monograph on the histology and 
development of Hydra, a paper dedicated, 
by the way, to Ernst Haeckel. In this 
the author found the coelenterate the 
perfect organism to represent the transi- 
tion form from coelenterate to vertebrate 
embryo, and to represent the fundamental 
type on which all other forms are pat- 
terned and from which they are necessa- 
rily derived: 

The low position of the Coelentcratcs in the sys- 
tem is perfectly understandable from their develop- 
mental history. Their type is determined by their 
maintenance of the fundamental spatial relationship 
of the germ-layers, and of their different layers in 
turn, to each other and to the external world. . . . 
The resultant great simplicity and uniformity of the 
whole body structure distinguishes the Cocicntcrates 
from all other animal groups: in the latter the defini- 
tive body arises through far-reaching histological 
segregations, but principally through manifold trans- 
formations and interminglings of the germ-layers. 
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with the result that these arc scarcely recognizable 
at all in the completed organs, and only in vague 
outlines in the body as a whole. But if we follow 
the developmental history of these complicated 
organizations backwards, we arrive finally, in the 
Vertebrates and probably in all animal groups, to 
forms which correspond essentially to those of the 


type of the coclcntcratc is passed through as a de- 
velopmental stage by all higher animals. The sim- 
ple type of the coclcntcratc is the common ground 
form to which all the infinitely rich and manifold 
configurations of the animal body can be directly 
or indirectly referred. (Klcinenbcrg, 1871, pp. 
87 88.) 



(Photo bv Tokuzo Kimura) 

Ernst Hkinricii Haeckel (*834-1919) 


Coelcntcratcs. Now since these forms arc neces- 
sary, but transitory, developmental stages upon 
which the specific type is built, whiL* on the other 
hand among the Coelcntcratcs the same forms, main- 
tained unchanged, portray the type, so the conclusion 
is apparent that not only the developmental processes 
in all animals arc identical up to a certain stage, but 
that even in individual development the transition 
of one type into another occurs, since the constant 


In 1869 terms ectoderm and endo- 
derm had not yet been applied to describe 
the germ-layers of the embryo: in 1871 
the terms were being used as they are now 
by Haeckel in Germany and in 1873 by 
Lankester in England. The term meso- 
derm was introduced by Huxley in 1871 
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(pp. lo-ii of the iSyi edition) in his 
Manual of Anafomy, and it was used by 
Haeckel (1872.) in his monograph Die 
Kalkschwamme. Lankester’s paper, pub- 
lished in May 1873, represents, according 
to its author, “part of a course of lectures 
commenced in the University Museum, 
Oxford, during Michaelmas term 1872..“ 
Haeckel’s Die Kalkschtvamme appeared in 
1871 after Lankester’s paper was drawn 
up but before it was published; whether 
he adopted Haeckel’s terminology, or 
whether Lankester adopted his, or 
whether both independently used the 
same terminology, is not apparent. In 
1873 and Lankester both were 

using the terms epiblast, mesoblast and 
hypoblast in place of the other terms. 
The history of terminology may be a 
futile study, but in the present case it 
is interesting since the men we have 
mentioned as changing the use of words 
simultaneously deflected the course of 
thought. 

Lankester published in 1873 
liminary and in 1877 the final communica- 
tion in which he created a classification of 
animals based on their constitution into 
layers: All animals are homoblastic, 
diploblastic or triploblastic; the triplo- 
blastic forms are derived from the diplo- 
blastic through the Vermes; the planula, 
or the larva of the coelenterate, is the 
parent, phylogenetically speaking, of all 
diploblastic and triploblastic forms. 

Haeckel (1871), in Germany, published 
simultaneously a similar theory destined 
to become of greater influence than Lan- 
kester’s because of Haeckel’s genius of 
expression. Haeckel’s concept, in a way, 
was influenced heavily by the English 
school, partly because of Haeckel’s blind 
acceptance of the evolution-doctrine and 
partly because of his deep personal affec- 
tion for Huxley. The parent of all forms, 
in Haeckel’s theory, is a two-layered sac 


similar to the bilaminar stage of all 
embryos described so skilfully by Kowal- 
ewski and known to us by Haeckel’s 
term “gastrula.” Haeckel wrote in 1872. 
(Bd. I, S. 466-467) in the general part of 
his monograph on the Calcispongiae: 

In all of these representatives of the most varied 
animal groups the gastrula has exactly the same struc- 
ture. In each case its simple monaxial oval body 
encloses a simple central cavity (gastral cavity) 
which opens through a mouth at one pole; in each 
case the thin wall of the cavity consists of two cell- 
layers, an inner layer of larger darker cells (ento- 
derm, gastral layer, inner, trophic or vegetative germ- 
layer) and an outer layer of smaller generally cili- 
ated lighter cells (exoderm, dermal layer, outer, 
sensory or animal germ-layer). I conclude from this 
identity of the gastrula in representatives of the most 
diversified animal groups, from the Sponges to the 
Vertebrates, according to the fundamental biogenetic 
law, that the animal phyla have a common descent 
from a single unknown stock form, gastraea, which is 
constructed essentially like the gastrula. 

According to this theory, the gastrula, 
Kowalewski’s bilaminar sac, produces 
all embryos; a similar Urmutter is therefore 
the necessary progenitor of all multi- 
cellular forms. Finally, the course of 
evolution of the embryo is step by step 
explained and caused by the evolution of 
the race to which the developing indi- 
vidual belongs. The development of the 
gill-slits in a mammalian embryo, to take 
a familiar instance, would be caused 
according to Haeckel necessarily and 
solely by the fact that in the course of 
evolution the ancestor of the mammal 
possessed gill-slits. One wonders how 
the promulgator of such a distorted doc- 
trine of cause and effect could have been 
championed by the same Huxley who 
wrote: “Fact I know and Law I know: 
but what is this Necessity save an empty 
Shadow of my own mind’s throwing?” 

Haeckel was probably the transcend- 
entalist par excellence of all biology. 
Equipped naturally with those rarely 
combined virtues, an aesthetic apprecia- 
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tion of a high degree and a passion for 
methodical terminology and organization, 
he produced in the gastraea theory a 
scheme of ideas as intricate and symmetri- 
cal as the figures of Radiolarians which 
he loved to portray with his pen. The 
most perfect example imaginable of fitting 
the facts to the theory, a beautiful in- 
tellectual feat, totally devoid of scientific 
value, his gastraea theory was the cul- 
mination of the early work on the germ- 
layers. Some of his contemporaries 
realized that phylogeny could not explain 
away ontogeny, and His (1874), for 
instance, vainly suggested and even at- 
tempted a study of the mechanical causes 
of development. But the beautiful unity 
of Haeckel’s scheme was too seductive. 
Huxley and the English embryologists 
spent their days apotheosizing its author 
and looking at embryos only for the 
purpose of fitting the facts of ontogeny 
into the ideal of phylogeny. 

Klcincnbcrg (1886, p. i), who had 
nominated Hydra and the Coclcntcrates 
for the throne usurped by Haeckel’s 
“gastraea,” gave a succinct and vivid 
critique of the gastraea theory in his 
paper on the development of Lopado- 
rhyncus which this time bore no dedication: 

The good in it (the gastraea theory') belongs to 
Huxley; what Haeckel has done to it is false, or 
perverted, or meaningless. It is lalse to trace all 
kinds of cndodcrni-formation back to the invagina- 
tion of the blastoderm. It is perverted to substitute 
a problematical gastraea in the place of the coelentcr- 
atc type. The value of Huxley’s idea lay for the 
greater part in that it brought the early develop- 
mental stages of the higher Metazoa into immediate 
alliance with the completed forms of countless liv- 
ing Coelenterates. These latter arc very diverse 
among themselves and still remain Coelenterates; 
that greater differences must exist between an adult 
coral and the larval form of an annelid is understand- 
able, and will hinder no one from seeing the essential 
similarity of both organizations. In any case it was 
unnecessary to leave the Present and to descend into 
the Laurentian night to call forth as lean an animal- 


spectre as the gastraea. It is, incidentally, obvious 
that the gastraea is not able by itself to create the 
slightest hypothetical conception of the unknown 
origin of the Coelenterates, because the gastraea is 
nothing more than the coelcntcrate type schematized. 
Courageous hypotheses — daring conclusions these 
almost always are of service to Science. But 
Schemata injure her if they bring existing knowledge 
into an empty and warped pattern, and claim thereby 
to give dcepxrr understanding. Unfortunately the 
gastraea was not fertile, but it was strongly infec- 
tious;it has propogated itself as Ncuraca, Nephridaea, 
etc. and is guilty of all the Original-animals, the 
Trochosphacra, the Trochophora, the Original- 
insect, and I know not what besides. 

Meaningless is the homologising of the gut-cavity 
of the higher Metazoa with the cndoderm-cavity of 
the gastraea; a hole is a hole anywhere in the world. 
If once the equivalence of the walls is established, 
people will not need to worry their heads about the 
empty spaces inside. 

EARLY OBJECTIONS TO THE GERM-LAYER 
DOCTRINE 

The first voices were raised against the 
germ-layer doctrine during the 1870’s. 
Since those of Kolliker and the Hcrt- 
wigs were loudest, and since the precepts 
of these authors epitomized those of their 
contemporaries, they may best be chosen 
as an cxampile of the mode of reasoning 
of the opponents of the doctrine. 

Kolliker (1879, ’84, ’89) questioned the 
validity of the doctrine principally from 
the histologist’s point of view. While 
some of his reasoning now seems quaint, 
and some has since been invalidated by 
modification of the doctrine, some is still 
cogent. He claimed that the outer layer 
gives rise to many diverse types of cells— * 
to epithelium, nervous cells, neuroglia, 
the pigment epithelium in the eye, etc. 
He added, however, basing his statement 
on his own observations and those of 
Leydig and Ranvicr, that the outer germ- 
layer could give rise to smooth muscula- 
ture in the case of the sweat-glands. 

So far as the middle germ-layer is con- 
cerned, Kolliker claimed that this also 
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gave rise to too many diversified types of 
cell to have any meaning as a single 
entity. He emphasized that chorda is in 
some cases derived from the mesoderm 
and in others from endoderm— a fact 
without significance to us, who know 


mesoderm, since the blastema from which 
all the hindmost structures are formed is 
predominantly mesodermal in origin. 

So far as the endoderm is concerned, 
he erroneously claims that in Amphioxus 
it goes so far as to form somites and muscle 



Rudolf Albert von Kolliker (1817-1905) 


that chorda and mesoderm each stem from 
a different group of cells, but which was 
at one time one of the most disputed facts 
of the whole doctrine. He adds further 
that so far as the hindmost part of the 
embryo is concerned, in a certain sense 
even the nervous system is formed from 


and connective tissue, and that in many 
lower forms it produces chorda. 

When Kolliker turns to a study of the 
Coelenterates, he claims, on the basis 
of his own work and that of other authors, 
that muscles and germ-cells, and in some 
cases even nervous tissue, are formed 


II 


THE QUARTERLY REVIEW OF BIOLOGY 


sometimes from ectoderm and sometimes 
from endoderm. His evidence so far 
as the germ-cells are concerned is invali- 
dated by the later discovery that these 
are derived from neither germ-layer but 
from cells which were probably segregated 


originally all the cells of the embryo, as they arc 
produced by cleavage, arc equivalent, so we may 
assert the proposition that all three germ-layers 
possess the potency and the capacity also for trans- 
formation into all tissues, but because of their specific 
morphological configurations they cannot every- 
where manifest this power. C*879» S. 389.) 



''Phott) bv TdIcuzo Kimiira; 

Oscar Hertwio (,«^49 ^9^2.) 


during early development. However, his 
conclusions concerning the muscle are 
still valid. He concluded: 

In consequence of all these considerations the con- 
viction is irrcsistably striking that the significance 
of the germ-layers is not histo-physiological but 
morphological. If we proceed from the fact that 


While many of the facts on which 
Kolliker based his claims have been 
disputed, many of them still hold true, 
and as a matter of fact his reasoning does 
not suffer even when the evidence has 
been invalidated. Many of Kollik- 
er’s conclusions were admittedly based 
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on evidence derived from the Hertwigs* 
studies on the Coelentcrates. In 1878 
the Hertwigs raised their first questions 
about the application of the germ-layer 
theory in a small monograph dealing with 
the histology of the Medusae. Inquiring, 
as had Kleinenberg, into the relationships 
of ectoderm and endoderm to mesoderm, 
they concluded that what they consider 
mesoderm in the Medusae is simply a 
product of the histological differentiation 
of ectoderm and endoderm. In their 
monograph on the Actinians, published 
a year later (1879) their 

definitive “Studies on the Germ-layer 
Theory,” they continue their discussion, 
questioning the precise relationship of the 
two layers of the Coelenterates to the 
three of higher forms. On evidence that 
in some coelenterate groups germ-cells 
or musculature are derived from ectoderm 
and in others from endoderm, they con- 
clude that “within particular animal 
groups the germ-l.ayers have differentiated 
organologically inequivalcntly” (1879, 
p. 2.05). Furthermore they extend their 
generalizations, supporting themselves by 
evidence from other authors similar to 
that of Kolliker’s outlined above, to 
include the other animal groups as well 
as the Coelenterates: 

The germ-iayers are neither organological nor 
histological entities. It is not possible, if one knows 
the origin of an organ in one animal group, to carry 
over the result to all other animal groups. . . . 
Just as the capacity for transformation of individual 
cells, so is that of a germ-layer highly manifold, and 
it can express itself in the most different ways in the 
production of organs and tissues. C^^79» PP- 2 .J 6 , 
ZI7.) 

Here the Hertwigs have put their 
fingers on the whole solution of the germ- 
layer problem; but unfortunately they 
were not satisfied to stop here with a 
constructive contribution. Instead they 
chose to supplant the gastraea theory, 
which they had destroyed, with another 


theory which was not only unnecessary 
but even more far-fetched, if possible, 
than its predecessor. 

This they achieved by continuing the 
discussion of the difficulty arising from 
the attempts to homologizc similar tissues 
developing from different germ-layers in 
diploblastic and triploblastic forms, and 
to find any uniformity whatsoever in 
the mesoderm which originates and de- 
velops so widely divergently in the various 
animal forms. Instead of following out 
their original suggestion that the germ- 
layers have wider capacities for differen- 
tiation than is usually recognized, they 
preferred to force the widely differing 
behaviour of mesoderm in different forms 
into a common pattern by their coelome 
theory (1881). According to this, the 
mesoderm (the mesoderm is in this 
paper first subdivided into mesenchyme 
and mesoblast; the latter term had been 
in use to describe the whole middle layer 
for many years) necessarily always arises 
from the endoderm, enclosing within 
its two layers part of the alimentary 
cavity as the “coelome” (Haeckel’s name 
for the pleuro-peritoneal cavity of 
Remak). According to the Hertwigs 
(1881, p. 112.): 

Ectoblast and cntoblast arc the primary germ- 
layers which originate by invagination of the blas- 
tula: they are therefore always the first formed and 
they can be referred back to a simple stem-form, the 
gastraea. . . . Parietal and visceral mesoblast, or 
the middle germ-layers, always originate later, and 
arise through a pouching or folding of the cnto- 
blast; . . . They bound a new cavity, the cntcrocoel, 
which may be considered a pinchcd-off diverticulum 
of the archcntcron. As the two-laycred animals are 
derivable from the gastraea, so are the four-layered 
from a coelome-form. 

The whole theory, as an explanation of 
development, can probably never be better 
described than it has been by Braem 
(1895, p. 468) who wrote: “So the 
coelome theory, with all of its conse- 
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qucncc, presents one of the most glaring 
inconsequences to which the morpholog- 
ical conception of the germ-layers can 
lead.’* 

This nice statement of Braem’s formed 
part of a series of papers published in 


solution of the problem that he could 
offer was that the germ-layer theory 
was based purely on topography, while 
the homologies, or rather the analogies, 
of the layers could be comprehended only 
on a physiological basis. 



1895 and entitled “What is a Germ- 
layer?”, in which the author scrutinized 
the whole germ-layer doctrine from many 
angles. He raised the same doubts as 
to its validity as had the other investi- 
gators whom we have quoted; the only 


THE GERM-LAYERS IN REGENERATION ANO 
BUDDING 

To be sure, this particular period saw 
the beginnings of the first attempt since 
His’s to deal with the problem from 
a physiological point of view, or at least 
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from an experimental rather than a de- 
scriptive point of view. Perhaps the 
word experimental is dangerously used in 
this connection, since in one of the first 
important cases the experiment was per- 
formed by nature and simply observed 


lus\ in the bud they are each derived not 
from the outer but from the inner layer. 
Hjort concluded that the layers of the 
bud are not germ-layers in the ordinary 
sense, but were composed of still indiffer- 
ent material. 



Wilhelm His (1831 1904) 


and interpreted by the investigator. Hjort 
(1894a, b), in his study of bud-formation 
in the Ascidians, made the accurate and 
cogent observation that in Botryllus organs 
are not formed from the same germ-layers 
in egg-development and in budding. In 
development from the egg, for instance, 
the atrial chamber and the ganglion are 
each formed from the ectoderm in Botryl- 


The import of this discovery was at 
once appreciated as jeopardizing the valid- 
ity of the doctrine. Heider (1897), in a 
paper that like Braem’s was entitled with 
a rhetorical question never answered, 
“Is the Germ-layer Doctrine Shattered?”, 
insisted that findings like those of Hjort 
were irrelevant so far as the germ-layer 
doctrine in embryology was concerned. 
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The doctrine, according to Heider, still 
holds for embryology, where it belongs, 
whether or not it holds true for the cases 
of budding and regeneration which arc 
problems separate from those of embry- 
ology. 

A more convincing argument, however, 
had been promulgated the year before by 
E. B. Wilson (1896) in a brilliant lecture 
at Woods Hole on “The Embryological 
Criterion of Homology.” Wilson main- 
tained that the conditions in bud-forma- 
tion and regeneration were vitally signifi- 
cant for a comprehension of the processes 
in the embryo. He wrote (pp. 1 11 113): 

It may be urged that in regeneration and agamo- 
gcncsis development is condensed and abbreviated 
so as no longer to repeat the phvle*^ic development, 
and this is no doubt true. This explanation contains, 
however, a fatal admission; for if secondary modifi- 
cation may go so far as completely to destroy the typ- 
ical relationships between the germ-layers and the 
parts of the adult, then those relationships arc not 
of an essential or necessary character, and we cannot 
assume that the germ-layers have any fixtd morpho- 
logical value, even in the gastruU. 

FIRST EXPERIMENTAL ATTACK ON THE 
PROBLEM 

While philosophically speaking it may 
have seemed difficult to their contempora- 
ries to choose between the interpretations 
of Heider and Wilson, even before their 
pajxTS had been published the first experi- 
ment had been performed along the lines 
of the later ones which were finally to 
throw the balance tc^ the side of Wilson. 
During 1891 93 Herbst subjected echino- 
derm eggs to treatment with a large 
variety of salts. He found that lithium 
had a specific effect on their development, 
namely the production of exogasrrulac 
and entogastrulac in which the amount 
of endoderm in the embryo is greatly 
increased at the expense of the ectoderm. 

In figures ii, 6, 11-14, there thus occurs a gradual 
increase of endoderm, and hand in hand with it a 


successive reduction of ectoderm. In figure 13 the 
latter is present only as the small button labelled 
ga^ and in figure 14 it is no longer present at all; 
here the w'hole blastula wall has been transformed to 
endoderm (1893, p. 144). 

Herbst appreciated the implication of his 
results; not so did his contemporaries who 
did not wish to. Heider, for instance, 
in the paper referred to above, mentioned 
the lithium-embryos only as a possible 
explanation of how in the production of 
endoderm in Coelenterates the processes 
of multipolar migration and delamination 
might have been derived from polar 
migration. 

THE PATHOLOGISTS AND THE GERM-LAYER 
DOCTRINE 

Indeed the main body of embryologists 
(cf. Sedgwick, 1910) went their way, 
promulgating the germ-layer doctrine 
and attempting always to support and 
strengthen it. One other group of scien- 
tific investigators discussed the problem 
avidly: the pathologists, who were seek- 
ing panaceas to solve the atypical growth 
problem. Some of them, perhaps most 
notably Marchand (1899-1900), unsuc- 
cessfully sought the aid of the germ- 
layer doctrine. They contributed more 
to the embryologists, however, than they 
received from them, since they could 
furnish evidence both pro and con. Not 
the most influential, but perhaps one of 
the most interesting results of the coop- 
eration between pathology and embryol- 
ogy, was the prophecy of the experiment, 
and its results, which have been most in- 
strumental in abolishing the notion of 
the fixity of the layers. C. S. Minot in a 
paper on the embryological basis of 
pathology wrote, in 1901 (p. 485): “It 
seems quite probable to me that the cells 
of the germ-layers are at first quite in- 
different, so that if it were possible to 
graft a young mesodermal cell on to the 
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ectoderm or endoderm, it would become 
a true ectodermal or cndodermal cell, as 
the case may be.” A similar experiment, 
performed by Mangold a quarter of a cen- 
tury later, has been considered one of the 
crucial experiments in the demonstration 
of the non-specificity of the germ-layers. 


discuss in this connection the results of 
the work on vertebrate embryos. 

The interpretation of the experiments 
on the germ-layers of the Vertebrates was 
facilitated, in fact made possible, by the 
background work of Vogt (192.5) who 
charted out on the amphibian blastula. 



MODERN EXPERIMENTAL WORK 

I. Vertebrates 

The turn of the century saw the embry- 
ologists change their method of attack 
from observation to actual operative 
manipulation. The capacity of the germ- 
layers for differentiation could now be 
tested as well as inferred. We may first 


by means of local vital staining, the precise 
locations of the areas later to become 
chorda, mesoderm, gut, epidermis and 
nervous system. Once the position of 
these cell-groups before gastrulation was 
known, their behavior in unusual posi- 
tions, or in isolation, could be appreciated. 

Perhaps the most far-reaching results on 
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the activity of the germ-layers, established 
experimentally, were those which demon- 
strated the influence of the lower in- 
vaginated layers of the amphibian embryo 
on the differentiation of the overlying 
ectoderm. Spemann had, in 1918, as is 
well known, noted the power of trans- 
planted dorsal lip of the blastopore of the 
amphibian gastrula to induce the forma- 
tion of a new embryo from presumptive 
epidermis; in 1914, in an investigation 
carried out with the collaboration of 
Hilde Mangold, similar experiments were 
performed using hosts and donors of differ- 
ent species whose tissues were sharply 
distinguishable from each other in sec- 
tioned material. From the results of this 
experiment it became apparent that the 
medullary plate in the induced embryo 
was formed by the host, while the under- 
lying gut, chorda and mesoderm were 
furnished in part by the grafted dorsal 
lip. This result, and others of Sjx- 
mann’s (1918) from experiments in which 
presumptive epidermis was exchanged 
with presumptive medullary plate, or in 
which areas of medullary plate and meso- 
derm of the ncurula were rotated through 
180° (1912.), suggested that the lower 
layers were somehow responsible for the 
differentiation of the upper. This was 
crucially and definitely demonstrated by 
Marx, who found, in 191^, that a piece 
of already invaginated archenteron roof, 
implanted into the blastococle cavity, 
induced the formation of medullary plate 
from presumptive epidermis. Subsequently 
Bautzmann (1916, ’2.8) was able to show by 
similar transplantation experiments that 
both presumptive chorda and presumptive 
mesoderm display the power of inducing 
the overlying epidermis to differentiate 
medullary plate. 

All of these transplantation ex['>eriments 
suggest immediately the interpretation 
that the underlying layers, particularly 


mesoderm and chorda, as the inducing 
system (to use a term later introduced), 
arc somehow inherently different in their 
capacities than the responding system of 
the overlaying ectoderm. This interpre- 
tation has been in one way borne out by 
results of cxplantation experiments, and 
by the production of amphibian exogas- 
trulae. When amphibian embryos, es- 
pecially axolotls, are treated with ap- 
propriate salt solutions, the mesoderm, 
endoderm and chorda roll outwards in- 
stead of inwards, with the result that the 
ectoderm remains simply an empty bag. 
In such cxogastrulae, the mesoderm and 
endoderm and chorda sclf-differcntiate to 
form somites, gut and notochord histo- 
logically quite typical of the normal 
embryo; the ectoderm, on the other hand, 
deprived of the proximity of these layers, 
forms only epidermis and never nervous 
system (Holtfreter, 1933). 

Similarly in explantation experiments, 
in which isolated parts of the amphibian 
gastrula are cultured in salt solutions, 
as shown by Holtfreter’s (1938 a, b) 
masterly work, isolated ectoderm fails 
to differentiate nervous tissue; it forms 
only epidermis when deprived of influ- 
ence of cells of the other layers. The 
presumptive endoderm, whose role has 
been least clearly analyzed in the trans- 
plantation experiments, when isolated 
in salt solution sclf-diffcrentiates only 
endodcrmal structures. 

Cells of the presumptive chorda and 
mesoderm regions, in contrast to those of 
the other two germ-layers, readily over- 
step the classical bounds of the germ- 
layers, and when isolated in salt-solution 
can self-diffcrentiate, or induce from their 
own cells, according to interpretation, 
medullary plate and epidermis on the one 
hand, and gut on the other, in addition 
to forming the usual mesodermal struc- 
tures. 



NON-SPECIFICITY OF THE GERM-LAYERS 


19 


If the experiments are carried out, how- 
ever, by placing the isolates in vivo 
rather than in vitro, the ectoderm and 
endoderm can accomplish far more than 
in salt solution. This has been demon- 
strated by Kusche (1919) and Bautzmann 
(1919), who placed the tissues into the 
empty orbital cavity of older larvae, and 
Holtfreter (1919) who implanted them 
into the abdominal cavity of amphibian 
larvae. In these cases, presumptive ecto- 
derm formed not only medullary tube, 
but also notochord and muscle, and pre- 
sumptive endoderm was able to differen- 
tiate notochord. Here where the cells 
were subjected to influences of highly 
complex organic nature, even ectoderm 
and endoderm were able to differentiate 
structures normally formed by the other 
germ-layers. The nature of these ex- 
ternal influences and of their action is 
unknown. But their effect is sufficient to 
demonstrate that the differentiating cells 
themselves have a wider capacity for 
diversification than the other experiments 
had suggested. 

These are by no means the only clear- 
cut experiments demonstrating the variety 
of potencies expressible by the cells of 
the amphibian gastrula. Mangold had 
in 19x3 performed the experiment postu- 
lated twenty years before by Minot and 
thus dealt the germ-layer doctrine one of 
its most mortal blows. He found that pre- 
sumptive ectoderm formed somites, chorda, 
pronephros, etc. when grafted into ap- 
propriate regions. Furthermore, Bruns 
(1933) showed that when large defects 
were made in the presumptive ectoderm of 
amphibian gastrulae, the medullary plate 
could be formed from presumptive meso- 
derm. Lopaschov (1935) showed 

that when several cxplants of presumptive 
mesoderm fused they frequently produced 
medullary plate. Lehmann (1937) has 
shown that lithium has a specific meso- 


dermizing effect on presumptive notochord 
material in the amphibian gastrula. 

Similar demonstrations have been made 
on other forms than amphibians. Hunt 
(1937 a and b) has shown for the chick 
that after removal of the presumptive 
endoderm the mesoderm can form gut, 
and indeed that even normally it makes a 
large contribution to the formation of this 
structure. It also has been shown for 
the fishes (Oppenheimer, 1938) that pre- 
sumptive mesoderm can differentiate nerv- 
ous structures under certain conditions. 

The perfectly valid objection can be 
raised that in all the cases enumerated the 
cells whose accomplishments are being 
studied have been observed acting under 
highly abnormal conditions, and though 
it docs not necessarily invalidate the 
results of the experiments, this is to a 
large extent true. There are, however, 
some striking cases in vertebrate develop- 
ment where, even in the intact embryo, 
cells of one germ-layer form structures 
usually contributed by the others. One 
of these, touched on by Kolliker 
(1884), is in tail-formation in the 
Vertebrates. Kolliker had postulated 
that all the structures in the tail of a 
vertebrate embryo were formed from a 
blastema that was primarily mesodermal 
in origin. Such is not precisely the case 
in the amphibian embryo, but the actual 
conditions as they are support Kollik- 
cr’s conclusion very strongly. The noto- 
chord of the amphibian embryo’s tail is 
formed as a prolongation of that of the 
trunk. The tail somites, however, as 
demonstrated conclusively by the vital 
staining experiments of Bijtel (1931), 
arc formed by the posterior portion of the 
medullary plate itself. Here is a clear- 
cut case in normal development where 
typically mesodermal structures are formed 
by cells ectodermal in origin. 

Another such case is shown by the 
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behaviour of the cells of the neural crest. 
The history of the work on this problem 
has been fully reviewed by Harrison 
and therefore need only be summarily 
discussed here. [All references concerning 
the neural crest cited here may be obtained 
from Harrison’s (1938) paper.] The 
neural crest, as every one knows, is clearly 
an ectodermal derivative in the sense of 
the germ-layer doctrine. However, it 
was demonstrated even in the last century 
that it furnished mesenchyme (Kast- 
schenko and Goronowitsch), and, in 1894, 
it was given, together with the branchial 
sensory placodes which make a similar 
contribution, the name of mcsectoderm, 
by von Kupffer. In 1897 Miss Platt 
showed, on morphological grounds, that 
the branchial skeleton was derived from 
mescctoderm. The recent experimental 
evidence has demonstrated that the neural 
crest unquestionably forms the Schwann 
sheath-cells, the spinal ganglia, part of 
the cranial ganglia, the branchial skele- 
ton, mesenchyme, mclanophores and xan- 
thophores, possibly the ganglia of the 
sympathetic nervous system, and probably 
the pia-arachnoid membranes. 

2. Invertebrates 

Such varied accomplishments of the 
germ-layers are characteristic not only 
of the vertebrates, but of invertebrates as 
well. Probably as many single isolated 
cases could be enumerated for the In- 
vertebrates as have been for the \ertc- 
brates, but here we shall confine our 
remarks to two groups. 

One of the most clear-cut cases imagi- 
nable of the transformability of the germ- 
layers has been presented by Penners 
(192.6, ’37a and b, ’38) in his beautiful 
studies of the development of Tubifex. 
The Tubifex egg, as described by Penners 
(1914) exhibits the spiral cleavage char- 
acteristic of the annelid egg. It is further 


characterized by the presence at its animal 
and ventral poles of a special “pole-plasm 
which passes during cleavage into the 
cells id and 4d which give rise respectively 
to the ectodermal and mesodermal germ- 
bands of the embryo. If the pole-plasm 
is eliminated or divided the cells id and 
4d and subsequently the germ-bands fail 
to form or are doubled, as the case may be. 
Penners (192.6) showed that if xd or qd 
were excluded from development, ecto- 
dermal or mesodermal germ-bands re- 
spectively failed to form; each type of 
germ-band, however, could differentiate 
apparently normally in the absence of the 
other (i.e. when xd was removed and 
qd left intact or vice versa). Later 
(1937a) he performed similar experiments, 
allowing the worms to develop to late 
stages, and the results here were extra- 
ordinarily interesting. In the absence 
of the ectodermal germ-bands, the meso- 
derm can later form all the organs usually 
formed by the ectodermal — central nerv- 
ous system, circular musculature, lateral 
line, and the ectodermal portion of the 
seta-sacs, if, however, the source of the 
mesodermal germ-bands is removed and 
the ectodermal left intact (Penners, 1937b) 
the organs normally formed by the meso- 
derm are not replaced. It is nevertheless 
extremely interesting and important that 
in a form characterized by a relatively 
highly mosaic development the organs 
formed normally by one germ-layer can 
be formed by another. 

The modern work on the Echinoderms 
has shown that in this form also the germ- 
layers have great adaptability. This was 
first suggested by Herbst’s (189X 93) 
chemical experiments; it has been demon- 
strated repeatedly in defect- and trans- 
plantation experiments. The Runnstroms 
(1918-19) showed, for instance, that 
animal halves of a holothurian egg, con- 
taining only presumptive ectoderm, could 
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differentiate the coelome which is nor- 
mally formed by mesenchyme, and sub- 
sequently Horstadius (192.8) has shown 
that coelome may be formed in regenera- 
tion by ectoderm, endoderm or mesoderm. 
Recently the chemical and defect- and 
transplantation experiments have been 
extended, and they have been amplified 
and reinterpreted in the light of physio- 
logical studies on the developing egg and 
its parts in such a way that our picture of 
the developing echinoderm egg is as com- 
plete as any we have in embryology. 

In the early defect-experiments, Driesch 
(1891 91, 1891-93, 1900) erroneously sup- 
posed all the parts of the developing 
echinoderm to be totipotent. This prob- 
lem was clarified by Horstadius (1918, 
’35) who showed that isolated animal 
halves of eggs, which contain only pre- 
sumptive ectoderm, cannot gastrulate or 
form endoderm, while isolated vegetal 
halves can gastrulate and form plutei; 
sometimes the plutei have an overabund- 
ance of endoderm*, and sometimes the 
isolated vegetal halves form exogastrulae 
with very large guts. The results of these 
experiments, and of similar ones involving 
smaller parts of the egg, gained signifi- 
cance with the publication of von Ubisch’s 
(1933) paper which demonstrated on the 
basis of vital staining experiments the 
precise normal roles of the various portions 
of the egg. The animal half of the egg, 
consisting at the 3L-cell stage of a dorsal 
group of 8 cells (an') and a ventral group 
of 8 (an‘“), forms the ectoderm of the dorsal 
surface of the pluteus. The vegetal half 
is divided at the 64-cell stage into a dorsal 
ring of 8 cells (veg') which forms aboral 
ectoderm, a more ventral ring of 8 cells 
(veg‘0 which forms the endoderm, and 
at its most ventral pole the micromeres 
which form the mesenchyme. Driesch 
(1893) knew that the micromeres formed 
the mesenchyme, and all the workers 
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previous to von Ubisch appreciated that 
the animal pole represented presumptive 
ectoderm. The main important point 
demonstrated by von Ubisch was that the 
upper part of the vegetal half also con- 
tained presumptive ectoderm. 

The transformability of the germ- 
layers has been fully demonstrated by 
Horstadius (1935) in his ingenious ex- 
periments of separating and recombining 
the cells whose normal behaviour is well 
known. He has shown, for instance, that 
when veg-, which comprises the pre- 
sumptive endoderm and normally forms 
gut, is eliminated from development, a 
normal pluteus results whose gut is formed 
by veg' which is composed of the pre- 
sumptive ectoderm for the aboral surface. 
If both veg' and veg- are eliminated, again 
a normal pluteus forms whose gut is made 
by ectoderm of the animal half of the egg. 
In both of these cases the micromeres are 
considered to induce the ectoderm to 
become endoderm; but no matter what 
the mechanism, the result is that presump- 
tive ectoderm forms endodermal struc- 
tures. Similarly, micromeres implanted 
into the animal pole of whole eggs induce 
the formation of accessory gut from pre- 
sumptive ectoderm. Entodermizing of 
presumptive ectodermal material occurs 
also when blastomeres are separated and 
recombined in such a way that the pro- 
portion of presumptive ectoderm to pre- 
sumptive endoderm is far greater than 
usual; for instance, when a meridional 
half of an egg is combined with an animal 
half. 

The transformability of the presumptive 
endodermal cells has also been shown by 
Horstadius (1918). An isolated veg- 
group, for instance, is able to form ecto- 
derm, though to be sure such ectoderm is 
slightly abnormal, as shown by the fact 
that it forms no stomodaeum nor ciliated 
band, and the skeleton, whose arrangement 
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depends on an interaction between ecto- 
derm and mesenchyme, is somewhat ab- 
normal. Driesch (189}) had known that 
deprived of their micromeres could 
form normal plutei. Horstadius demon- 


being studied. Herbst (1891, ’93) had 
shown that in whole eggs presumptive 
ectoderm could be caused to differentiate 
endoderm by the action of lithium. Von 
Ubisch (1919) showed that isolated animal 



strated that m such eggs the secondary 
mesenchyme, which is derived from veg^ 
is formed earlier than normal and serves 
to form the skeleton. 

Fortunately in the case of the cchino- 
erm egg the physiological basis for the 
transformability of the germ-layers is 


halves, consisting only of presumptive 
ectoderm, which normally form no endo- 
derm and fail to gastrulate, could accom- 
plish both these tasks after treatment with 
lithium. Horstadius (1936) has shown 
by varying the length of treatment and 
by using parts of eggs isolated for varying 
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lengths of time, that the action of the 
lithium on the presumptive ectoderm 
is strikingly similar to that of implanted 
micromeres. 

This work, beautiful in itself, has gained 
considerably in significance through the 
work of Lindahl and his co-workers 
(Lindahl, 1936; Lindahl and Stordal, 1937; 
Lindahl and Ohman, 1938). Lindahl 
suggested originally that in the whole 
egg the animal half, the presumptive 
ectoderm, exhibits a higher respiratory 
rate than the vegetal. Similarly, eggs 
“animalized” by chemical treatment have 
a higher respiratory rate than isolated 
vegetal halves. The action of lithium 
inhibits respiration, so that the presump- 
tive ectoderm which is made to form 
endoderm simultaneously decreases its 
respiratory rate. Conversely, the presence 
of NaSCN or the absence of sulphate ion 
stimulates respiration and cctodermalizes 
presumptive endoderm. There are prob- 
ably two systems of respiration involved 
at the two poles of the egg which act in 
a way syncrgistically, and the system at 
the animal pole is probably concerned 
with carbohydrate metabolism. 

Lindahl and Hoi ter (1938, unpublished) 
have been unable to find confirmatory 
evidence of Lindahl’s original statement 
that the respiratory rate is higher in the 
animal than in the vegetal portion of the 
egg. In any case, no matter what the 
precise nature of the respiratory systems, 
the transformation of ectoderm to endo- 
derm, and vice versa, has been shown 
definitely to have a metabolic as well as 
a morphological basis. 

CONCLUSIONS 

The only conclusion that can be main- 
tained, as a result of all the experiments 
that have been enumerated, is that the 
doctrine of the absolute specificity of the 
germ-layers as enunciated in the last 
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century must be abandoned. There are 
no doubt countless cases where in a specific 
animal form, the cells of one germ-layer 
cannot alone perform the functions char- 
acteristic of another, as for instance is 
the case with the ectodermal germ-bands 
of Tubtfex (Penners, 1937b). There are 
however so many contrary accomplish- 
ments that even in the classical cases the 
differentiation of the cells must be based 
on other factors than their derivation 
from a specific layer. The nature of such 
factors probably varies in every instance. 
In some cases, such as the Tuhifex egg, 
the constitution of the cytoplasm before 
cleavage plays an important role. In 
other cases, as with the echinoderm egg, 
the special metabolism of parts of the egg 
is of decisive importance. The precise 
topographical position of the cells is 
often significant, as in the case of amphib- 
ian development. The interactions of 
various cells one with another are of vital 
importance in controlling their differen- 
tiation in the vertebrates. 

If so many factors other than the origin 
of the cells from particular germ-layers 
arc of such vital importance, the question 
arises:- What is the significance of the 
germ-layers, if any? No matter what 
the precise factors involved, it seems cer- 
tain that the precise location of a cell 
during gastrulation in many forms, or the 
precise origin of its cytoplasm from the 
egg in others, is in many cases correlated 
with the type of its later activity; there- 
fore in a certain sense the germ-layers 
arc of topographic significance, since the 
cells pass through them in their orderly 
progression of movements. In a teleo- 
logical sense, formation of germ-layers 
seems to be the embryo’s method of sorting 
out its constituent parts. The essential 
point is, however, that this method is 
not the only method that the embryo 
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can call upon to attain a specific end, and 
here as in many other cases in develop- 
ment the embryo can, when necessary, 
modify or abandon one method in favor 
of another. This point, anticipated by 
Kolliker (1879), have already 

shown, has been well stated in the 
Brachet textbook (p. 2.96): “In reality, 
the germ-layers, like the blastomcres, 
have an actual potentiality and a total 
potentiality; the former is what they 
normally become; the latter what they arc 
capable of forming in addition under di- 
verse natural or experimental influences.’* 
The task of the student of the germ- 
layers then must become more than an 
attempt to discern how the embryo sorts 


its cells into one layer or another; it 
must become an elucidation of how the 
wide potencies of the germ-layers become 
subject to limitation to their normal 
accomplishment. Pander, who was first 
to describe the germ-layers, was fortunate 
and wise in emphasizing the interactions 
of the layers with each other. We should 
do well to emulate him, for only when 
we can more appreciate the manner and 
mechanisms of such interactions shall we 
understand the true significance of the 
germ-layers themselves. 

[The portraits of Karl Ernst von Baer and Rudolf 
Albert von Kolliker are reproduced from Nordens- 
kiold’s Htttory of Btolof^y, *9^8, with the permission 
of the publisher Alfred A. Knopf, New York.) 
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I NVESTIGATIONS during the last 
twenty years have revealed a micro- 
cosm within the soil and its litter, 
which is as complex as that of fresh 
water. In contrast to the plancton, the 
geenton is specialized for slow movement 
through a dense granular medium. 

Soil was originally conceived as com- 
posed of minute, irregular grains separated 
by interstices between the grains known 
as the pore-space. We now know this to 
be the least significant factor in soil struc- 
ture. Of far greater importance is the 
maze of innumerable intertwining chan- 
nels permeating every cubic inch of un- 
plowcd vegetated soil, channels formed 
and maintained by a host of animals com- 
mon to that medium (67). 

This fauna may be considered from two 
view-points: (i) the effect of its various 
members on the soil (a) in increasing 
channeling and therefore rain receptivity, 
i.c. in decreasing run-off and floods, (b) in 
increasing fertility and consequent more 
rapid growth of wood, (x) the interrela- 
tions of these animals through their feed- 
ing and breeding habits. The first is of 
economic value, the second is of sociologic 
interest. 

effect of the fauna on the soil 

The simplest introduction to the ani- 
mals is through a study of their effect on 
the substratum, which is also the source 
of food of all the life of field and wood- 
land. The skein of interrelations will 
thereby become more apparent. 

Included in the soil and an integral part 
of it, is the litter of plant parts and animal 


remains which form a covering over the 
surface of the mineral soil. This organic 
covering is most conspicuous as a carpet of 
dead and mouldering leaves which is 
gradually reduced by the action of bac- 
teria, fungi, and a part of the fauna, to a 
litter of minute faeces which lies immedi- 
ately over the mineral soil or is mixed 
into the mineral soil by various animals 
which may be conveniently referred to as 
mixers. 

As affecting the mineral soil then, ani- 
mals may be grouped under three heads: 
reducers (of litter), mixers (of organic 
residues and mineral soil), channelers 
(of the soil). To be of greatest value, 
soils must incorporate an adequate supply 
of all three groups. 

Although forest soils are the most com- 
plex and bear the largest population, all 
other subaerial soils are similar, differing 
in being simpler and in having a more 
meager and a more specialized fauna. 
The richness of the fauna varies with the 
amount of available organic (chiefly 
plant) material. Where plants can grow, 
animals will thrive. By using as an ex- 
ample the soil fauna of the woodlands of 
the northeastern United States, the reader 
will envisage the framework of the popu- 
lations of soils throughout the world. 
The number of species and the kinds of 
species change from one region to another, 
but their functions and interrelations 
remain the same. However, the influence 
of any one type of animal or of any one 
species varies greatly in its intensity 
locally. The present review will confine 
itself to the fauna of the mineral soil. 
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The deeper the organic covering, the fewer 
animals can reach the mineral soil. Thus, 
a layer of raw humus fifteen inches deep 
exercises a marked effect on the population 
in the mineral soil beneath itf^' 

THB VBRTBBRATB8 
The rSle of mammals 

Mammals influence the soil in four 
ways: by manuring, trampling, mixing, 
and channeling. 

All mammals manure the soil, though 
to varying extents, depending upem the 
size of the animal, its local abundance, 
and its food habits. Herbivorous ani- 
mals defecate more than do carnivorous 
animals. The greatest dungers are the 
large herbivores, but the value of their 
contributions is lessened by the effect of 
their trampling. 

Trampling and compacting of the soil is 
effected chiefly by the gregarious herbi- 
vores. This may be seen by anyone living 
in dairy country. Cows as well as many 
species of hoofed animals follow each 
other from place to place in single file. 
In this way paths are established. In 
fly time the paths lead through brush or 
clumps of bushes. When these bushes 
become frayed, trampled or otherwise 
inefficient in brushing off the flies, the 
cows start a new trail through other 
bush clumps. In this way their paths 
shift laterally. The daily passage of a 
herd of cows over a woodland trail com- 
pacts the soft, woodland soil so much 
that the level of the trail soon lies three 
to eight inches lower than the level of 
the forest floor. In open pastures, trails 
are shifted on the slopes so that an over- 
grazed pasture slope bears a net-like pat- 
tern of trails. This is as true of sheep as 
of cows. 

In order to limit or reduce this tram- 
pling, it is necessary to limit the numbers 
of the larger hoofed animals per acre. 


Many of the smaller mammals shelter 
and nest in the soil. For this purpose 
dens are excavated, the depth or extent of 
which varies with the species. In the 
cast, woodchucks and chipmunks (xi, 
pp. 138-145) arc the best known and most 
typical soil diggers, though the habit is 
also shared by bears, otters, foxes, wolves, 
jumping mice (JZafus in meadows and 
Napeo^apus in woodlands), and short- 
tailed shrews (Blarina), The effect of this 
digging is to throw mineral soil out over 
the organic layers. Most of these animals 
carpet their subterranean nests with dead 
leaves. 

The burrows of woodchucks may be as 
much as twenty-five feet long with various 
galleries and nest chambers in the sides 
(90, p. 175). The nests arc stored with 
dead leaves even though they have to be 
carried for many feet. It is problemat- 
ical whether the woodchuck or the earth- 
worm buries most leaves per annum per 
county. 

Rabbit nests are about as big as a cocoa- 
nut, the bottom lying at least six inches 
below the level of the soil (17, p. 161). 

However, the work of the larger 
diggers is so local, that its effect on the 
soil is of minor importance, except over a 
period of decades. 

Blarina extensively tunnels the humus 
layers and builds a nest approached by 
many burrows usually occupying two 
levels, the nest being in the lower level 
and on the mineral soil. This com- 
plicated structure is usually built in a 
mound or h umm ock of organic material 
(decayed stump, log, or humus). The 
nest is furnished with a double handful 
or so of dry leaves. There may be ten to 
fifteen such nests per acre. 

In addition to digging to make shelters 
and nests, some mammals dig to obtain 
food. The skunk makes deep narrow 
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holes in the earth by which it probes for 
insects (90, p. 105). 

* 'During the succeeding half hour, it [a skunk] 
did not cover a space greater than three or four rods 
square, but literally every foot of this area viras care- 
fully inspected. Not content vrith rooting into every 
bunch of dead leaves, it dug dozens of holes, first 
plunging its sharp nose into the ground and then using 
its fore-feet, making the dirt fly. Its hole ivas only a 
few yards distant" (17, p. 114). 

Large numbers of insect larvae, as 
white grubs QLachmstema)^ wire worms, 
alfalfa weevils, are eaten, for which they 
dig into the soil to a depth of two to four 
inches. During the early spring (April- 
May) field mice form a major share of the 
food although they have to dig to a depth 
of a foot to capture the mice (56). 

Some animals dig for storage of food. 
The grey and fox squirrels dig small holes 
in the ground and deposit a nut or acorn 
in each cavity, carefully replace the soil, 
press it down, and cover the spot over 
with leaves. They may thus pepper the 
ground of their territory with such 
“plantings.** 

Soil tunneling is much more general 
and extensive than nest excavations, 
though possibly not as beneficial to the 
soil. Moles and voles are the most 
highly developed tunnelers among the 
mammals. In the east, the common 
mole (Scalopus aquaficus') pushes its tun- 
nels through all fairly dry, sandy, or loose 
loam. It does not channel dry, com- 
pacted soil. At best its efifect is to render 
good soil more loose and more open. It 
is a decided aid to percolation of rain 
water by breaking up the soil surface. 
Although any one tunnel or mole ridge 
may be very narrow (three to four inches), 
the mole is a very active animal and may 
throw up two hundred to three hundred 
feet of ridges every twenty-four hours 
during the growing season. They are 
also active during the winter. Further- 


more, they are very useful in destroying 
June beetle larvae and other such noxious 
insects, especially when they become 
numerous. *rhey do not eat bulbs and 
conns. Their diet of worms, however, 
is not to their credit. They should not 
be exterminated in woodlands unless 
their enemies are also exterminated. In 
wet soils, swamps and bogs the common 
mole is replaced by the star-nosed mole 
(ConJylura cristata^. Its burrows (1.3-3 
inches wide and 1.5-1 inches high) 
extend along streams, ponds and lake 
shores, opening under water. There may 
be five per acre in swampy terrane. They 
feed from muck beds and stream bottoms 
on aquatic insects and worms. 

The pine mouse (Pitymys) forms intri- 
cate and extensive burrows like those of 
the mole, in open wooded areas as well as 
in open land. Their caches extend to 
eighteen inches below ground. They do 
not range into the transitional 2one. I 
have seen a forty-year-old white pine 
plantation with the upper two inches of 
the mineral soil completely honeycombed 
by this species. 

The red-backed mouse (Chthrionomys) 
lives in similar burrows near the surface, 
especially in evergreen woodlands. 

The meadow mouse QAicrotus) makes 
very extensive burrows chiefly in meadows 
but also in marshes and even in swamps, 
storing them with vegetation. 

Lemmings (Synapomyi) construct bur- 
rows about the edges of bogs, swamps, or 
even in drier areas of low cover. 

The short-tailed shrews (Blarina) also 
tunnel in the surface soil, especially the 
humus, but only in soft earth and near 
water. As they tunnel chiefly in loose 
soil and humus, they are of doubtful value 
as soil channelers. The other shrews 
utilize the runways of other animals. 
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The infiu$nc$ of birds ^ roftiUs and batraebians 

Birds affect chiefly the litter by manur- 
ing and by scratching. Song sparrows^ 
Juncos (17, pp. 71, 110), Lincoln spar- 
rows (p. 140), red-polls (p. m.3), fox spar- 
rows and towhees are among the smaller 
scratchers. They certainly can make the 
leaves fly, but they do not materially 
affect the mineral soil. Pheasants and 
grouse, meadowlarks and others dig into 
the mineral soil with their bills to extract 
white grubs or tubers and the like, to a 
depth of an inch and a half or even two 
inches (teste A. A. Allen). Woodcock 
and snipe probe in soft soil to a depth of 
three inches. 

Bank swallows excavate burrows (1.5 
inches x 1.5 inches) to a depth of 36 
inches below the overlying turf. Al- 
though a bank may contain thousands of 
such burrows, a few inches apart, most 
colonies comprise only one or two dozen 
pairs of birds. As they make new nests 
each season (88) their local effect in 
dislocating mineral soil is considerable. 
Since the nests (an enlargement of the 
burrow) are lined with straws, grasses 
and feathers the birds locally enrich the 
mineral soil for the vegetation above the 
bank. On the well-drained uplands 
where the soil is mostly hard-pan, shale, 
or rock this species is not found (}6, 
P- 350 - 

Kingfishers are not so exacting in soil 
type and are therefore more generally 
distributed. Moreover, their burrows are 
3i inches in diameter, 4-8 feet deep, and 
terminated by a nest 8-10 inches in diam- 
eter and situated fairly close to the turf. 
Their organic contribution is phosphate- 
rich fish parts. Even if they arc of more 
value in soil improvement than bank swal- 
lows, their effect is almost as local, and 
cumulative only over a long period of 
years (36, p. 138). 


Although some birds on some oceanic 
islands honey-comb the mineral soil with 
their nest burrows, and on certain re- 
stricted tracts, birds overload the soil 
with their droppings, the effect of birds 
on soils generally is of a minor nature or 
extremely local. In our region their ef- 
fect on soils is greatest on sand and gravel 
banks and terraces. 

Of the three groups of reptiles, lizards, 
snakes and turtles, the latter are much the 
most important diggers. The box turtle 
and the wood tortoise are typical wood- 
land species. They dig not only to lay 
their eggs but also to hole-up for the 
winter. Other turtles do likewise but 
their digging is confined to the borders of 
streams, ponds, marshes and swamps, or to 
sandy areas and sand and gravel banks. 
Such holes may be as broad as the turtle 
and nearly a foot deep (17, pp. 75, 119; 
90, pp. 54, 63, 91, 105, 178, 179). All 
things considered the effect of turtles on 
the soil is noteworthy over a period of 
years in sandy places near water and in 
swamps. 

Regarding batrachians: there is very 
little information on the digging and bur- 
rowing capacity of salamanders, though 
they are common in moist woodlands, 
especially where littered with stones. 
Toads dig out shelters in the soil, large 
enough to completely cover themselves. 
In suburban areas there may be a toad to 
each garden. In the White Mountains 
along the slopes above the Greeley Ponds 
a toad was disturbed nearly every linear 
rod. The unusual abundance here may be 
due to the deep humus which they can 
easily excavate. Their commonness 
about dwellings is due to absence of nat- 
ural woodland predators. In woodlands 
with little humus and numerous pred- 
ators toads are uncommon. Thus 
batrachians are of only minor importance 
in their effect on soils, especially on the 
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mineral soil — local concentrations ex- 
cepted. 

All the above-mentioned soil influents 
are to be encouraged as contributors in 
their own small way to soil improvement. 
It should be remembered that the effect 
of all these animals together (collective 
effect) over a period of time (cumulative 
effect) is a concrete contribution. 

THB INVERTEBRATES 

Our knowledge of the invertebrate ani- 
mals of woodland soils is very meagre. 
Most of the investigations on soil inverte- 
brates are restricted to crop soils and 
grasslands (meadows). Similarly we are 
much better acquainted with the fauna of 
the litter of woodlands than of the under- 
lying mineral soil. Bomebusch's report 
(7) still remains the outstanding contribu- 
tion on the fauna of forest soils. 

The effect of higher insects 

Of the various groups of invertebrates 
the higher insects form a natural, ho- 
mogenous group. These animals spend a 
part of their lives above the soil and litter, 
using the latter for hibernation, aestiva- 
tion, oviposition, and as a medium or shel- 
ter for the immature stages. The latter 
are frequently so different from the adult 
form as to constitute a special field of 
study. Since the higher insects are able 
to fly they are highly motile and therefore 
usually thinly sprinkled — especially the 
larger species. 

Psocids 

“Book-lice,” especially of the sub- 
family Caecilinae, are fairly common in 
litter (usually only the wingless forms are 
obtained from drying funnels) but do not 
materially affect the soil (13, 4). 

Hemiptera 

Weese (98) and Blake (6) found that 
during the later autumn certain leaf- 


hoppers (Cicadellidae) and lace-win^ 
(Tingidae) migrated from the forest bor- 
der into the forest to hibernate in the soil. 
They give no indication of the numbers of 
the various species per unit area! Mealy 
bugs are common soil insects in some 
localities (67). 

Cicadas are woodland insects which 
spend most of their immature life in the 
soil. Their migration down into the soil 
and search for a rootlet to suck on is 
affected when still very small (a few days 
after hatching). The immature stages, 
whether extending over a few months or 
seventeen years, are spent in an earthen 
cell six to twelve inches below the surface. 
In late autumn they migrate downward to 
a depth of two feet (latitude of Washing- 
ton, D. C.) to hibernate, returning to the 
six- to twelve-inch stratum in the spring. 
They may be so abundant that the indi- 
viduals arc two to four or five inches 
apart — all within the same general soil 
layer. Marlatt (71) records nine per 
square foot in a dense oak forest of Wash- 
ington, D. C. When ready to emerge, 
the exit holes (averaging ^ of an inch in 
diameter) arc formed some time before 
emergence actually takes place. Thus 
the annual or biennial species are more 
important as soil channclcrs than the thir- 
teen- and seven tccn-ycar species. 

At least nineteen genera of aphids arc 
subterranean, feeding on plant roots. 
Although some species pass part of their 
life cycle on other hosts above ground, 
some of them pass their entire life cycle 
in the soil. Some species arc restricted 
to certain host plants while others enjoy 
a varied diet. The food is sought by 
wandering about through the soil (30). 
Many species, however, depend upon ants 
to carry them to their food while in the 
egg stage. In the case of the corn-root 
aphis (jAfhis maidiradicis) the eggs are 
stored below frost line by the ants and 
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placed on the roots of the host plant in the 
spring (33). Soil aphids are to be found 
on roots of forest trees as well as on roots 
of giasses and cultivated plants. Roots 
of the following plants are^recorded as 
hosts: grasses, Polygonaceae, legumes, 
Rosaceac, various herbs, Barbarea^ Alnus^ 
Abies (58, pp. 448), Composites (33). 
They occur to a depth of at least two feet. 
Since they are of general occurrence, and 
stimulate ants to do a good deal of soil 
channeling in order to insure an adequate 
supply of food on which to maintain their 
honey-dew cows, their effect in soil chan- 
neling is noteworthy. (Their eflFect on 
forest regeneration, through seedling mor- 
tality is also noteworthy.) 

Thysanoptera 

Although thrips are to be found in litter 
which is not wet, even to the extent of 
zoo per bushel, or a dozen per square foot 
of surface, they are not known to affect 
soil structure (95a, p. 44). 

Orthoptera 

Of the various families of Orthoptera, 
the Acridids (grasshoppers), Locustids 
(katydids), and Gryllids (crickets) affect 
the soil to the extent of drilling the surface 
to lay their eggs. This drilling varies in 
depth with the size of the insect, length 
of ovipositor, and extent to which the 
abdomen is worked into the soil. It 
varies in intensity with population den- 
sity. Population density varies with 
soil type. Sandy soils, dry soils, exposed 
(thinly vegetated) soils support dense 
populations of Acridids; moist soils with 
dense herbaceous covering (meadows) 
support a fairly dense orthopteran popu- 
lation. Woodlands especially dense, 
moist woodlands, harbor but few grass- 
hoppers though they are common along 
dry woodland edges and openings. 

Typical woodland species of southern 


New England are: Cbhealtis conspersa^ 
which lays its eggs in dry sticks and logs; 
Spharagemon saxatiU^ on high wooded 
ledges; S. bolli^ in open woods; Melampus 
punctulatusy among pines (oviposits in the 
thick bark or crevices of the trees); 
katydids and camel-crickets, about logs 
and stone piles; ground crickets (Nemobius 
carolinus\ in open woods; N. maculatus^ 
in low open woods about logs (95). 
(Tree-crickets do not oviposit in the soil.) 
Thus woodland grasshoppers occupy spe- 
cial niches in the forest and have various 
habits of oviposition. Mole crickets bur- 
row about in the soil much like moles, 
but in New England are confined to such 
sites as stream and pond margins. Some 
mole crickets in other regions burrow 
about in dry soil. 

In favorable situations and conditions, 
one of the commonest medium-sized 
species of grasshoppers will inter 1x5,000 
egg masses per acre. These require a 
hole one inch deep by three-sixteenths 
in diameter (6x). Oviposition occurs 
once or twice annually, preferably in un- 
disturbed fairly compact soil. Different 
species oviposit at different times through 
the spring and summer. Dry fields and 
meadows may harbor as many as six to 
ten species of grasshoppers; heavy moist 
woodlands, none. 

Thus the effect of the Orthoptera in 
drilling the soil surface may be locally 
intense to negligible. The effect of katy- 
dids and camel or other crickets in wood- 
land soils is usually not notable though it 
might become locally intense, especially 
in areas and countries where woodland 
species occur to any extent. 

Lepidoptera 

Many caterpillars pupate in the soil, 
different species to different depths, even 
to ten inches. Conversely certain Sesiidae 
tunnel four to seven inches up through the 
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soil from the tree roots, in which they 
have been burrowing, to the soil surface 
to pupate (54). Although the hawk- 
moths make the largest burrows (three- 
eights inches or more in diameter) they 
do not usually occur in great numbers. 
The canker worms (Paleacrifa) burrow 
into the soil to a depth of from two to 
five inches to pupate. The Citheroniidae 
(Ceratocampidae) pupate in the soil to 
hibernate. Some species are single 
brooded (Anisota virginiensis)^ others have 
two broods per year (^ 4 . rubicunda and 
A. stigma). Most of them feed on forest 
trees including persimmon, gum, cedar, 
cherry, and sassafras. Anisota senatoria 
pupates three to four inches below the 
surface of the ground to over-winter. It 
occurs in abundance only over small areas 
at any one time. The green maple worm 
QLylina antennatd) has similar habits 
(61, 47). When at times any of these 
species cause serious defoliation of trees, 
the numbers entering the soil would con- 
siderably affect soil structure. 

Since many of the lepidoptcrous larvae 
are over an eighth inch in diameter, their 
effect in soil channeling is of note where 
they occur to any extent. I fail to find 
data on their relative numbers in forest 
soils. Such figures would vary from 
month to month since different species 
pupate during different months. In Dan- 
ish forest soils (7) larvae were only occa- 
sionally found (they very quickly pupate) 
while pupae would tend to remain undis- 
covered on the drying funnels. To obtain 
such numerical data, square meter soil 
samples would have to be taken through 
the year and to a depth of three feet, and 
the soil sieved. 

Since several hundred species pupate in 
woodland soils in the northeastern states 
(teste Forbes) the effect of Lepidoptera on 
soil structure is noteworthy. Very lo- 
cally, sporadically, and occasionally, it 


becomes intense. Their collective and 
cumulative effect is considerable and may 
be controlled in part by encouraging the 
growth of the food plant of each digging 
species. 

Hymenoptera 

Certain sawflies burrow into the ground 
to pupate. The ash sawfly QTomostetbus 
multicinctus) pupates in an earthen cell 
about half an inch in the soil. The elm 
leaf-miner (Kaliofenusa ulmi) enters the 
soil to a depth of about an inch to pupate 
(61). The larvae of the blackberry leaf- 
miner (Scolioneura) burrow six to eight 
inches into the soil to overwinter and 
pupate (31). 

Some Calcids and Cynipids enter the 
earth to pupate. Some Cynipids (^Belo- 
noenma) form root galls in sandy places 
(Florida and Texas) (99). They are, 
however, extremely local. 

Most of the digger wasps of the families 
Pompilidae, Sphecidae, Larridae, Bem- 
becidac, Philanthidac, Crabronidac and 
some of the solitary wasps (Eumenidae) 
dig burrows (either simple or variously 
branching) in the earth to lay their eggs — 
usually in sandy or sunny (dry) places 
(17). Sphecius speciosus (an inch and a 
quarter in length) digs burrows two feet 
or more in depth (2.7). The digger wasp 
Ammobia iebneumonea (L) digs a nest 
tunnel 5-7 inches long, to a circular 
chamber i inch in diameter, from which 
radiate 2.-6 tunnels i-i inches long, ending 
in oval cells ij-x inches long and J inch 
wide. These are stored with x-6 grass- 
hoppers (30). 

The Scoliids (Tipbia and Elis) burrow 
about through the soil in search of their 
host the June beetle larvae and related 
genera (34). 

Some of the social wasps (Vespidae) 
build their nests in hollows which they 
excavate in the soil. As the colonies 
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exist for only one season — each aver- 
wintering female starting a new colony in 
the spring — they are one of the most 
active soil movers among the insects. 
I well remember how fr^uently my 
ankles burned while tramping about 
through an old growth stand of long leaf 
pines in the Piedmont of $outh Carolina, 
and how frequently I was prevented from 
taking a litter sample at chosen points 
by these soil inhabiting yellow-jackets. 
Vespula may build their large (lo inches 
X 6} inches) nests in hollows in clay 
banks or in the forest floor nine inches 
below the surface. These nests have a 
burrow running back from the nest for as 
much as one hundred and fifty-nine inches 
and to one inch in diameter (69). Some 
of the species of the solitary wasp Cerceris^ 
which is colonial, dig a tortuous burrow 
to twenty-four inches long and to seven- 
teen inches deep, with galleries one and a 
quarter inches long for the larvae. The 
burrows are from half to three-quarters 
of an inch in diameter. Thus an area in- 
habitated by such a colony would be 
pretty well riddled with fairly large 
burrows. Fortunately, the colonies are 
limited in number (81). 

Many of the solitary bees (Apoids) 
make their nests in mineral soil. They 
are difficult to find because the entrance is 
hidden — as by the leaf of a rosette plant. 
Some Andrenids excavate more or less 
branched tunnels, each branch stocked 
with a single egg (and food). The main 
shaft of the one nest of the larger Andrenas 
(the size of a honey-bee) exceed a foot in 
depth. As some of these bees are colo- 
nial, a square rod of ground may include 
several thousand such nests (xy). 

Species of Halictus burrow in sides of 
clay cliffs and sand banks. Several fe- 
males cooperate in sinking the main 
shaft, from which they individually dig 
out their several galleries, thus forming 


* ‘cities composed of apartment houses" 
(17). ' Some Megachiles dig simple bur- 
rows in the soil in which they build egg 
or brood cells end to end. 

In general, wasps and bees are not com- 
mon in moist woodlands, preferring dry, 
sunny woodlands and open places. Colo- 
nies are commonly found in bare places 
with good drainage. Thus their annual 
contribution to soil structure in meso- 
phitic woodlands is rather meager. 

Of all the Hymenoptera, perhaps of all 
the insects, the ants arc by far the most 
important soil movers. Even if, like all 
Hymcpoptcra, they arc not abundant in 
moist woodlands, they arc as important in 
dry woodlands and in grasslands as arc 
earthworms in moist woodlands. In a 
weedy abandoned field in northern New 
York, I have seen a colony on nearly every 
square yard, spreading the yellowish 
soil in discs as large as a stove lid over the 
black surface soil. Although they spread 
a great deal of mineral soil over the or- 
ganic litter, they do not draw an appreci- 
able amount of organic litter into their 
galleries. Even those species which store 
their nests with plant seeds, clean off the 
pappus, and abandon the thin unfertilized 
seeds brought in by some workers, where 
they accumulate outside the nest as a 
midden heap at the entrance. The com- 
monest woodland ants in the mesophytic 
woodlands of the east are Ponera coarctata 
pmnsylvanica and Myremcina graminicola 
bnvispinosa. These primitive species form 
small colonies but occur in every square 
yard of the woodlands. There arc several 
other ants nesting in our mesophytic 
woodlands but all of them nest under 
stones and in humus (loi), so that the 
amount of soil they move is negligible. 
Although the large carpenter ant (Campo- 
nofus pmnsylvanicus) is common in wood- 
lands it does not enter the mineral soil. 
Although the mound-building ant (F^r- 
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mica ixsectoidcj) forms conspicuous mounds 
two to five feet across, thereby moving a 
large amount of soil, it is found only in 
glades and open places; its effect is there- 
fore very local. 

The only study on quantitative distribu- 
tion of ants was carried out on the steppe 
formation (75). In the tchernozem soils, 
one square kilometer contained an average 
of 415,000 nests; alkali soil, 340,000 nests; 
saline soil, 137,000 nests. Factors in- 
fluencing the distribution of the ants were 
composition and density of the vegetation, 
soil moisture, exposure, presence of other 
animals. The lowest and most wet areas 
were entirely devoid of ant nests! 

Thus ants are as unimportant a factor 
in soil structure in mesophytic woodlands 
as they are an important factor outside of 
such moist shelter. 

Diptera 

Flies affect the soil in oviposition, as a 
retreat for pupation, and as the medium 
of the immature stages of certain families. 
Their effect varies with the size, extent of 
burrow, and local abundance of the species 

(19)- 

Some Tipulid larvae live in decaying 
wood, in soil of all types, eating roots, 
earthworms and other soft-bodied animals 
(3). Although they occur in nearly 
every square foot of litter, their presence 
in the soil is conditioned by the depth of 
the humus layer. In Denmark Tipulid 
larvae were found in the soil only oc- 
casionally (that is, one in every seven 
square-foot samples: maximum number in 
one sample, nine) (7). 

Some Cecidomyid larvae live in decay- 
ing organic matter, many pupate in the 
soil, others live in roots forming galls, 
still others are predators on mites and 
insects. In Denmark they were found 
only in soils of resinous woodlands and to 


a maximum of twenty-one in one square 
foot (7). 

Many Chironomid and Sciarid larvae 
live in moist organic soils and decaying 
organic matter. They are scavengers. 
Sciarid larvae are common in spruce litter. 

Some Mycetophylid larvae live in rich 
soil, in decaying wood, in decaying vege- 
tation and such plant parts as rotting 
grains, green bulbs, potatoes, and roots. 
In Denmark (7) they were obtained in 
large numbers in July and November 
(maximum in a square-foot sample, 115). 
Phacnocladius is one of the common soil 
genera, especially under pine, for the 
larvae eat out decaying pine twigs. 

Psychodid larvae live in decaying or- 
ganic matter and dung. Bornebusch (7) 
recovered them only in the soil of a beech 
duff during March and November (maxi- 
mum in a square-foot sample, 17). 

Leptid larvae arc common in most forest 
soils. In Denmark (7) they were found 
on an average of four or five per square 
foot, not infrequently thirteen or fourteen. 

Anthomyid larvae arc common in soils 
of deciduous forest although very irregu- 
larly distributed. In Denmark their num- 
bers ranged from none to one hundred 
and sixty-six per square foot. 

Thcrcviid larvae live in earth, certain 
species forming side channels to earth- 
worm burrows. Some are saprophagous, 
others arc predaceous on insect larvae. 

Some Bibionid, Mydaid, Coenomyid, 
Asilid, Tabanid, Dolichopodid, and Bom- 
byliid larvae arc predaceous in rich soils 
(x9). Certain Bibionid larvae live in 
decaying vegetation and grass roots, 
others hibernate in the soil (7). Asilid 
larvae burrow about in upland soils, 
Tabanids in low and marshy ground where 
they seek their prey, June beetle larvae 
and related genera. Some Dexid, Tachi- 
nid, and Bombyliid larvae search through 
sandy and porous soils after other species 
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of June beetle and related larvae. In 
Denmark Dolichopodids were found in 
soils under beech and pine to a maximum 
of twelve to a square foot. 

Trypetids, sUch as the w^nut husk- 
maggot (^agoUtis suavis)^ pupate from 
half an inch to several inches in the soil 
(19). Certain Tachinids pupate in the 
soil to a depth of one inch, especially 
about the base of trees (i8). Some 
Agromy2ids pupate two to three inches 
in the soil (64). Such Sarcophagids as 
Chrysomya macellaria pupate from one to 
four inches in the ground (5). 

The genera Forcipomya (Ccratopogonid), 
Fannia (Muscid), and Lonchoptera (Lon- 
chopterid), were recovered by Bomebusch 
in one or two stands only, and in very 
small numbers. 

No square foot of forest litter or soil is 
without fly larvae, so that their influence 
on soil structure is noteworthy. Al- 
though their cummulative and collective 
effect is important, their control is prob- 
lematical. 

Coleoptera 

Beetles affect soil by burrowing into it 
to lay eggs, to pupate, to form retreats 
(for hibernation), and to feed on plant 
roots. 

Tiger-beetle larvae form definite bur- 
rows in the soil, some species using a 
definite and characteristic soil type. The 
burrows may be perpendicular to the sur- 
face, spiral, slanting or otherwise, and as 
much as thirty-nine inches and even 
seventy-two inches deep, depending on 
the species and the latitude. The bur- 
rows of many species are over a foot in 
depth. The larva occupies its burrow 
for ten months to twenty-one months, 
unless found unsuited when it seeks better 
soil conditions to make a new burrow. 
Some species are colonial, others solitary. 
Mesophytic woodlands are avoided, most 


species preferring sunny, bare areas, often 
opening^ between plants. Cicindela sex* 
ffittata will burrow under fallen trees and 
in partly cleared places and glades. C. 
scutellaris lecontei was found in greatest 
abundance where oaks begin to displace 
the pines — near Chicago (55). 

The large Carabids of the genus Calosoma 
lay their eggs singly or in groups of two 
or three, at least four to six inches in the 
soil. The larvae pupate eight to ten 
inches deep in soft soil, or less in com- 
pacted soil. Their numbers may reach 
twelve per square yard when caterpillars 
arc abundant (ii). Carabids of the 
genus Clivina migrate through the soil 
from near the surface to as much as two 
feet, as the surface soil becomes too dry 
(80). Bomebusch records an average of 
less than one adult or larva per square foot 
in mull soils, with a maximum of three 
or four (7). 

Elaterid larvae burrow about in the 
soil. Some live in the soil for as much as 
three years before pupating (65). During 
the winter the larvae descend to from four . 
to six feet for hibernation (53). Al- 
though nearly every square foot of forest 
litter harbors Elaterid larvae, their abun- 
dance in the mineral soil varies locally. 
Different species arc partial to different 
soil types (degree of compactness and 
moisture) (31). Bomebusch records an 
average of about eighteen Althous larvae 
per square foot in raw humus, with a 
maximum of fifty-one, but only an average 
of two per square foot in mull soil (7). 
They cat plant seeds, roots, and decaying 
wood. 

The Hctcroccridac live in burrows 
which they excavate in sand or mud at the 
margins of bodies of water (xy). 

Certain Staphylinid larvae live in the 
soil (94). The large golden Staphylinid, 
Creophilus villosus^ lays its eggs in the sail 
where it spends its thirty-seven days of 
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predaceous latya-hood before pupating in 
an earthen cell (i). Although nearly 
every square foot of forest litter contains 
Staphylinids, their occurrence in the soil 
varies with the depth of the humus layer. 
Bomebusch records an average of two 
larvae and two adults per square foot of 
mull soil, with as many as twenty-five in 
raw humus. 

Certain Chrysomelids (Gahrucella^ 
Lma) pupate in the soil (43). The 
linden-leaf beetle (Calligrapia scalaris) 
enters the ground to pupate and later 
rei^nters as an adult to hibernate (loi). 
Various fiea-beetles pupate in the soil to 
three inches deep (14, 70, 87). Some 
flea-beetle larvae are root eaters. 

The Scarabaeids include many species, 
the larvae of which live in the soil. Some 
feed on roots, some on decaying wood, 
and others on dung buried by the parents 
(17). June beetles (lA$chnosUrum^ Phyl- 
lopbaga) spend three years burrowing 
about in the soil (46). Of the many 
species, some are woodland, feeding on 
the rootlets of seedling trees. The eggs 
are deposited from one to eight inches 
below the surface in balls of earth formed 
by sticking particles of soil together. In 
the autumn the young grubs burrow 
downward to pass the winter. “In the 
spring they move upward, eat ravenously, 
do their greatest damage this second sum- 
mer, and, migrating downward in the 
autumn, spend a second winter deeper in 
the soil. In the second spring they re- 
turn toward the surface, feed for a time, 
and transform to pupae in earthen cells 
in June” (61). As there are three broods, 
the three stages occur in the soil each 
year. June beetle larvae are charac- 
teristic of cultivated sites where they may 
occur to the extent of ten or eleven per 
square foot; woodlands, however, harbor 
related species. Cycloctpbala villosa larvae 


spend about 350 days in the soil; Anmala 
hinotata^ 85 days (59). 

Larvae of Japanese beetles live a few 
inches below the surface, burrowing about 
in search of food. The maximum number 
is 46 per square foot (in grassland). 
Females burrow into the soil 1-4 inches 
to deposit their eggs every day or two for 
a period of 30-45 days (44). Geotrupes 
excavates a dung pit for each egg. Wood- 
land species have corresponding habits. 

Bomebusch records less than one Can- 
tharid larva per square foot of mull soil 
with a maximum of twelve. They show 
a preference for mild deciduous wood- 
lands. 

Adult Ptiliids (Trichopterygids) oc- 
curred in beech mull soil of Denmark (7) 
on an average of one per square foot (maxi- 
mum is twelve) but were much more 
abundant in oak mull soil. 

Some of the larvae of the large Prioninae 
feed upon roots of woodland trees (17). 

The hickory nut weevil (Balanitius 
caryai) enters the soil to a depth of six to 
eight inches to pass the winter. The 
five species of Balaninus attacking the 
different species of acorns have similar 
habits. The hickory nut and butternut 
curculios (fionotrachelus affinis and aratus) 
also pupate in the soil from half to three 
inches in depth (20). Other curculios 
QPolydrusuSy Phyllobius^ Otiorhynebus) pass 
the larval stage in the soil feeding on tree 
and plant roots (78). Bomebusch records 
curculios chiefly in oak mull, sometimes 
as many as five per square foot (7). 

Weese (98) and Blake (6) found that 
during later autumn certain beetles of 
various families migrated from the forest 
border and from surrounding fields into 
the forest to hibernate in the soil— some 
less than 10 cm. (four inches), some more 
than 10 cm. deep. They give no indica- 
tion of the numbers of the various species 
per unit area! 
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Thus beetles are one of the most 
important orders of insects in channeling 
the soil, especially in open places and in 
relatively dry soils. 

if* 

Higher Insects — General Summary 

The foregoing review though comprised 
of odds and ends of examples indicates two 
fundamental phenomena: (i) that the 
higher insects use woodland soils as places 
of shelter, hibernating in the soil during 
the winter, (i) that a large percent of the 
higher insects prefer dry, sandy, sunny 
(warm) soils for nesting sites. Unfor- 
tunately most of our knowledge of soil 
insects has been restricted to agricultural 
land. We do know, however, that cer- 
tain families and genera of the higher 
insects are common in moist forest soils. 
Leptids, Staphylinids, Altbous (Elaterid), 
Anthomyids in nonresinous, Ceccidomy- 
ids in resinous woodlands are the out- 
standing groups in soils of mesophytic 
woodlands. It should further be re- 
called that most of these insects spend 
only a part of their lives in the mineral 
soil and are, therefore, not geobionts but 
geophiles (67). 

Tliough some of the higher insects 
annually enter forest soils for hibernation 
as adults, we are ignorant of the extent 
(number of species) or intensity (number 
of individuals per unit area of surface) of 
this periodic type of soil channeling. 
Finally, the literature on the higher in- 
sects which inhabit the soils of the wood- 
lands of the northeastern states is not only 
very scattered but extremely fragmentary. 

The primitive insects QAicroartbropods') 

The species grouped under this head 
are minute and wingless, and transform 
from larvae to adult by very gradual 
stages. Most of them are poorly sclero- 
tized, lack organs of defense and offense, 
and are not highly colored (with the ex- 


ception of some of the springtails). 
They are the commonest insects of the 
nnneral soil, ceaselessly threading its 
many channels, thereby helping to keep 
them open. They are either sapro- 
phagous, coprophagous or suckers. 
These insects freeze up during the cold 
weather and thaw out when warm, thus 
being active whenever their medium is 
above freezing. Since they are apterous 
they must be close enough to each other 
to meet and mate within their short adult- 
hood. Thus they are to be counted y the 
dozens or hundreds per square foot while 
each species of the higher insects are 
usually represented by less than half a 
dozen individuals per square foot or by 
one or two per square yard. The ratio 
of immature to adult is very high, signify- 
ing a great mortality. They are therefore 
a very important source of food to the 
small predators. The largest group is 
the: 

G>llembola 

Springtails abound in all moist or fairly 
moist soils to unknown depths. Volz 
(93) analyzed square decimeter (1 cm. 
deep) samples from woodland soils near 
Leipzig, taken at depths of over 10 cm. 
(15-17 and even 35 cm.). He found 
Folsomia quadrioculata in half the samples, 
often one specimen but up to seven. It 
is much more abundant in the upper layers 
and in the litter, but was absent in some 
of the spruce woodland samples, though 
conunon throughout the year. It is 
common in most habitats in Greenland 
(57) and is one of the commonest humus 
species in the White Mountain region. 
Onychiurus armatus occurred in half the 
samples, two or three (maximum six) per 
sample, though more common at less 
depth. Onychiurus amhulans was found 
in only two out of sixteen samples below 
fifteen centimeters. Tullhergia hraushatem 
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occurred in half the samples (especially land in the southern Appalachians. 


in spring and summer) to the number of 
four or five per sample. Isotoma minor ^ 
probably a holarctic species, was twice 
found between fifteen, and thirty centime- 
ters in June. Friesea mirabilisy Isotoma 
notabiliSf AchoruUs QHypogastrura') armatus^ 
and a2^nyllode8 were not found otherwise. 
Corresponding and closely related species 
occur in our own region. Volz’s thirteen 
lots average five individuals per cubic 
inches taken from six to thirteen inches 
deep. This small number of samples 
showed no population decrease with 
depth. Jacot (67) found 144 springtails 
in a square foot sample of an 8o-year-old 
old-field woodland, between one to four 
inches deep, i8 in the next three inches 
and 16 between 11 and 13 inches deep in 
the Appalachians. The smallest sample 
with the eight specimens was from a grass 
bald. Pro isotoma sepulcralis (Folsom) oc- 
curs in great abundance on cadavers buried 
six feet deep (45). Thus it may be con- 
cluded that the mineral soil harbors a 
varied fauna of springtails probably to 
the depth of root penetration (8-15 feet 
or more). The number would be con- 
ditioned by the number of dead roots and 
rootlets, or dead animals (cadavers, mice, 
earthworms) occurring in the soil from 
place to place, the depth of the water 
table, and the incidence of dry spells. 

Proturans 

Yellow-tips occur as far north as the 
White Mountains. They may be en- 
countered in the mineral soil in the south 
under thin litter or mull soil conditions. 
They have sucking mouth parts, but no 
one seems yet to have discovered their 
food. Jacot (67) obtained two specimens 
from ninety cubic inches of soil 11-13 
inches deep under Andropogon sod of a 
bald, as well as an occasional individual 
4-7 and 11-13 inches deep under wood- 


Their effect is similar to that of the 
Collembolans though not so intensive. 

Campodeoidea 

Japyx is not uncommon in mull soils of 
the southern states. Though more robust 
than Proturans it is so much less common 
as to have but negligible effect on the 
soil. 

The Acarina (Microarthropods) 

Mites are the most ubiquitous and nu- 
merous soil arthropods. Although mi- 
nute, they make up in numbers what they 
lack in size. Most of them are sapro- 
phagous though many are predaceous and 
suctorial. Certain species are structurally 
modified to dig, much resembling moles 
in body-form and in development of an- 
terior legs. Most (if not all) of the soil 
diggers have the anterior tarsi furnished 
with a stout curved spine which may be 
used as a pick. 

In addition to the diggers, many of the 
litter species enter the mineral soil to 
oviposit. Other species eat out dead 
roots and rootlets, thus secondarily chan- 
neling the soil. They undoubtedly go as 
deep as plant rootlets (eight to fifteen or 
more feeet), provided they do not en- 
counter the water table. Although at 
least one species, found at a depth of thir- 
teen inches in two localities, has never 
been found outside the mineral soil, most 
of the species enter the organic layers on 
occasion. 

They arc so numerous that most investi- 
gators have not endeavored to identify 
them or even to count them accurately. 
Jacot (67) has given specific data on a few 
trial samples from the southern Appa- 
lachians. He found 1008 saprophytic and 
suctorial mites in a square foot sample 
from an eighty-year-old old-field wood- 
land, between eleven and thirteen inches. 
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There is no other specific data on the Aca- 
rina of the mineral soil of woodlands. 

In brief, although this group comprises 
minute species, they are so generally dis- 
tributed throughout the mineral soil and 
so well provided for digging and channel- 
ing the soil, that they are the most im- 
portant group of soil mierbarthropods. 

The Chelonethida (Micro arthropods) 

Pseudoscorpions arc small, active suc- 
torial predators, living mostly on Collcm- 
bola. Chiefly a litter or subcortical 
group, they may hibernate in the soil. 
Microbisium parvulum is common in most 
forest soils, though mull soil harbors 
much larger numbers. 

The Araneida 

Spiders, especially minute species, al- 
though common in the litter, arc not 
known to enter the mineral soil of wood- 
lands to any extent. The few Lycosids 
which have developed the burrowing 
habit arc too widely scattered on the 
forest floor to exert any notable effect. 
The drier soils, especially unwooded, 
harbor a more extensive population of 
fossorial spiders, which climax in the 
trap-door spiders. 

All spiders arc predaceous, with sucking 
mouth parts. 

The Diplopoda 

Millipedes are predominantly a soil and 
litter group. They arc intensive soil 
channelers. 

“Since moisture is the most important factor 
limiting the distribution of millipedes, moist, dense 
woodlands with much undergrowth are their opti- 
mum habitat. Here they are sheltered from the sun, 
they are provided with a copious supply of decaying 
vegetation for food, and they are provided with many 
retreats in which to transform (moult) and lay their 
eggs. In open woods with organically impoverished 
soils the millipede fauha is correspondingly reduced. 
Moreover woodlands strewn with stones and boulders 
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shelter a more extensive millipede fauna than wood- 
lands of ’alluvial or flood plains. [It is easier to ob- 
tain millipedes by turning over stones (a convenient 
diurnal retreat) than to dig them out of their earthy 
retreats; for on the whole, they prefer sandy to the 
more compact soils.] The woodlands which are 
most favorable to millipedes have a definite stratum 
of underbrush or herbaceous plants, decaying tree 
trunks, branches and bark, thick moss mats, a deep 
leaf layer which gradually merges into pure humus. 
On all these decaying plant parts develop many large 
and sihall moulds and mushrooms which are browsed 
upon especially by the Ascospermophora. Altitude 
limits distribution only as humidity, decaying vege- 
tation and shelter decrease” (91, p. 15). 

Certain species are quite local and form 
colonics in the most favorable situations; 
other species arc fairly evenly distributed 
throughout their habitat. Romell (83) 
describes the influence of such a colony 
(Fontaria) on soil structure, and figures 
their excrement clumps. Borncbusch (7) 
found Julids strongly associated with mull 
soils, while Polydesmids seemed inde- 
pendent of soil types. Diem (35, p. 159) 
found species usually recorded as from 
under bark and stones, in the upper and 
middle soil layers especially when rich in 
humus. Soils poor in humus are in- 
habited by only certain species. It is 
evident that millipedes normally live in 
the soil but that on certain occasions they 
emerge and crawl about the litter, hiding 
under stones and bark at daylight. Diem 
found that the type of soil determined the 
specific population. He records three 
definite soil types: dry, shallow soil with 
slight humus content; damp, deep soil; 
damp to wet, mild humus of irrigated 
meadow. In a sample of alkaline soil 
(10 X 10 X 5 inches) from mixed woods he 
obtained 33 millipedes representing six 
species, while in a spruce wood sample he 
secured 60 specimens of two species. 
These were his richest woodland samples 
which show violent fluctuations in num- 
ber of individuals and of species. Bome- 
busch obtained an average of six Julids 
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per sample of 1183 inches of mull 
(maximum ix and 13) and but one Poly- 
desmid (maximum 4 and 5). 

Many species are sensitive to agricul- 
tural and anthropic disturbances. In- 
creasing dryness and cold induce them to 
go deeper into the soil. Some Julids are 
much more resistant to dryness than are 
most of the Polydesmids. Certain species 
prefer alkaline to acid soils. They are 
able to withstand immersion in water 
from half an hour to several hours — de- 
pending on the species and the amount of 
air in the water. 

The eggs of some of the litter species 
are laid in the soil, enclosed in fecal 
matter. Evans (41) found that some 
species lay all their eggs in one nest while 
others lay a few eggs in each of several 
places. Some millipedes make their nests 
in concavities in the litter (as acorn cups), 
while others dig into the soil until they 
find a firm foundation, as a stone. Morse 
(74) records Fontaria indiatiae ovipositing 
in sand to two inches deep. 

The food of Julids is predominently 
decaying roots, wood, leaves, and faeces; 
certain species prefer fungi; some poly- 
desmids will eat well-decayed animal 
matter. Many species injest soil and 
mineral particles with their food, and 
this forms part of their faeces. Certain 
species of millipedes may feed on crop 
plants when the amount of organic matter 
and humus in the soil is depleted to the 
extent that the animals would exert more 
energy finding the humus than they can 
derive from it (9). A few genera have 
piercing suctorial mouthparts. 

Since nearly all recorded observations 
on east American millipedes were made on 
surface animals, practically nothing is 
known of the habits of truly soil milli- 
pedes: in fact, I am unable to determine 
which are typical soil species and which 
are predominantly litter species. One 


of the characteristics of the rather large 
Fontarias is their habit of migrating from 
one locality to another, often by the mil- 
lion (18). Brade-Birks (8) records similar 
migrations after a heavy rain following a 
drought. 

To summarize: although the habits of 
millipedes, especially soil species, are but 
little known, these arthropods stand out 
as one of the important groups of soil 
animals, affecting soil structure by their 
burrowing habits. Though one species 
of the northeastern states is as large as a 
lead pencil the most generally distributed 
and most abundant are minute. 

The Chilopoda 

Centipedes are very active and much less 
local than millipedes. As they are car- 
nivorous and predaceous, they wander 
more widely in quest of food than do the 
millipedes. Diem (35, p. 160) records 
Geophilidae mostly from depths of eight 
to sixteen inches. In general, he found 
(p. 161) Chilopods more frequently, to a 
certain depth, than other groups of soil 
animals (the mites and other minute 
forms not studied). It is difficult to ob- 
tain data on their distribution in the soil 
because of their speed and of the large 
number of immatures (“undetermin- 
able* ’). Taking large samples should over- 
come these difficulties . Bornebusch found 
Lithobiids more abundant in mull soil, 
while Geophilids were common every- 
where though more especially in raw 
humus, and very irregularly distributed; 
one of his samples (^ of a square meter — 
about a square foot) yielding fifty-two 
individuals. In a sample (10 x 10 x 5 
inches) from mixed wo^s with alkaline 
soil, Diem obtained twenty-seven in- 
dividuals, representing five species, while 
in a spruce sample from twice that depth 
he collected twenty of the minute Scolopen^ 
rella mtacantba. These were his richest 
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woodland samples which show violent 
fluctuations in number of individuals and 
of species. 

The Isopoda ^ 

Sowbugs (pillbugs) may occur locally 
in forest litter and possibly in the mineral 
soil. Bornebusch records* them as com- 
mon in oak mull at one locality only (out 
of 8o samples, ii localities). They de- 
scend to hibernate, and probably to 
aestivate and escape drought generally. 

The Mollusca 

Land-snails (land-shells) are found in 
all woods which have not been heavily 
grazed, trampled, or burned. The major- 
ity of the species are minute (a few milli- 
meters) though a common species has a 
shell nearly an inch in diameter. Some 
species are quite drought resistant. Popu- 
lations cannot be sampled with the same 
technique as is used for the arthropods. 
Some ascend vegetation to feed on green 
tissues, some are found on dead wood, 
but most of them are found in or on the 
litter entering the soil to aestivate and 
hibernate and many to oviposit. Jacot 
(66) found five species in most old-field 
woodlands, including white pine planta- 
tions in the southern Appalachians. The 
number of individuals per square foot 
varied considerably (maximum : i8). 
Presumably at least that number enter 
the soil in the autumn. The niunber of 
species and individuals in mull (cove) 
litter was much greater. Bornebusch 
(7, p. 86) found four species (30-70 
individuals per square meter) common in 
most deciduous litters. Alkaline regions 
support a much more abundant and varied 
molluscan population. Diem (35, p. 35) 
secured the greatest number of species 
(eleven) and specimens (seventy-four in 
a ten-inch-square sample) from a mixed 
wood with strongly alkaline humus soil. 


Little disturbed mesophytic woodlands 
should yield at least a dozen species; old- 
field woodlands, four or five. The num- 
ber of individuals varies considerably 
locally, depending on degree of shelter. 
There is very little detailed quantitative 
data in this field. 

Thus the effect of mollusca in soil 
channeling is seasonal and varies consider- 
ably with site conditions — ^which limit 
the population. 

The larger Oligochaeta 

Earthworms are undisputedly the most 
important animals affecting soil structure 
and soil fertility in woodlands. They 
not only push mineral soil out over the 
organic horizons but draw down into the 
mineral soil a certain quantity of organic 
matter, thus acting as mixers in two ways. 
Worm castings are frequently so mixed 
with organic matter that they constitute 
a high grade soil for plants to grow in 
(8i). Their channeling of the soil locally 
is exceeded by no other animals, for 
Lumbricus terrestris reaches depths of six 
to eight feet for hibernation and during 
droughts, and they occur to a density of 
ninety per square meter in woodlands 
(ia-*i5). Wollmy (104) showed that 
earthworms greatly increase the pore 
volume in the soil, and thereby make it 
much easier for water to enter. It is 
chiefly in late autumn that they draw 
dead leaves into their burrows to line 
their nests, and for food. The leaf blades 
are softened by their emitted pancreatic 
secretion, and the petioles ejected as a 
midden pile about the mouth of their 
burrows. One is seldom aware of their 
presence as they are active above the sur- 
face at night and when it is damp and 
rainy (35, p. 153). They in jest earth for 
its contained humus and organic content. 
The amount of their castings is therefore 
in inverse proportion to the amount of 
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leaves injested. When thus feeding on the 
soil humus their burrowing activities 
are more or less continuous. The humus 
is also used to line their burrows. They 
function as planters of maple trees by 
drawing maple keys into their burrows to 
feed on the key wings (86). Diem (35, 
p. 151), working in the Swiss mountains, 
found earthworms almost exclusively in 
the upper three inches of soil and working 
horizontally. Large numbers arc often 
found dead on the soil surface after heavy 
rains. This phenomenon is explained by 
Merkcr (71, 73) as follows: 

* 'Rainwater may lose its oxygen content in a few 
hours in the soil. The air of the burrows and other 
crevices of the soil is, therefore, replaced after a heavy 
fall of rain by deoxygenated water, and a zone of air- 
hunger for the inhabitants of the soil will be pro- 
duced. The worms will evade this oxygen hunger 
by going deeper; if however, they cannot go further 
down, they will come to the surface, and will then 
wander about exposed to daylight. Daylight is 
intensely harmful to them because of the ultraviolet 
rays, so that, even in dull weather they will in two 
or three hours be paralyzed to such a degree that they 
can scarcely crawl*’ (86, p. 368). 

Dry periods are passed in a state of 
suspended animation (anabiosis) deep in 
the soil. Hensen (60) found that half the 
humus lined burrows were used by plant 
roots to grow deeper. Diem (35, p. 153) 
found that the worms almost always 
avoid soil with a dry top layer, as also 
soils which arc subject to great fluctua- 
tions in moisture content in the upper six 
inches. In fact he found that the soil 
condition below six inches does not affect 
the worms. It is the upper six inches 
which arc critical. NcitW slope nor 
exposure affect distribution provided the 
upper six inches of soil are otherwise 
favorable (35, p. 154). This docs not 
apply to Lumbricus Hmstris, Vegetation 
influences earthworms in so far as the 
amount of cover affects moisture condi- 
tions and its alkalinity. 


In the northeastern states the indigenous 
earthworms are found chiefly south of the 
glaciated area. The earthworms of New 
England and New York arc often species 
introduced from Europe. For example, 
the largest species is Lumbricus terrestris 
so carefully studied by Charles Darwin 
(31). The spread of this worm through- 
out our woodlands is not only slow but 
erratic, because it depends to such a large 
extent on artificial factors. The fisherman 
has done much to spread this worm along 
water courses by dumping his canfull at 
the end of the day and by throwing out 
small ones along his course. Farmers 
have aided by transplanting shrubs and 
plants from one farm to another, and by 
throwing garden thinnings across the 
road. Since the cocoons arc deposited 
under the soil surface (and contain few 
embryos, often only one) (86, p. 662.) 
they would not be transported on man’s 
boots or cattle’s hooves. Some undoubt- 
edly have been transplanted in freshly 
dug bags of potatoes and other such prod- 
ucts — especially on days of high atmos- 
pheric humidity. Suffice it to say that 
although this largest species is now found 
throughout New England and New York 
in favorable localities, it is very local. 
It becomes sexually mature in one year 
and lives five to six years (86). 

A common European species (Allolo- 
bophora longa) lives from five to ten years, 
while the little European Eisenia foetida 
of manure and compost, and mouldering 
wood, lives three to four and a half years. 

I have found what appears to be Lurri- 
bricus terrestris in fairly dense colonics 
under oak woods, northern hardwoods, 
and tulip-poplar coves in New England, 
and in smaller numbers under old-field 
spruce stands in alkaline soils, and at the 
edges of swamps under spruce and arbor- 
vitac over limestone. It is difficult to 
find poplar stands along streams without 
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this worm. It is intolerant of physio- 
logically dry, highly acid soils with little 
or no humus. Calcium salts are neces- 
sary to replace the loss in the calciferous 
glands. These salts may be obtained from 
the deeper soil when overlain by an acid 
humus. A constantly high water table, 
or a water table high most pf the year is 
unsuitcd to L. umstris. Ground fires 
at night (when the worms are outside 
their burrows) would aid locally in their 
extermination. Orieux (77) states that 
they wander at the rate of o.i meters 
(their own length) per minute. 

Some species of earthworms are typical 
litter dwellers or live under bark of old 
or dead trees and fallen branches (76). 
The cflfcct of such species on the soil is 
much more limited than is that of the 
truly soil species. Bomebusch (7, p. 88 f.) 
found Lumbricus rubellus and Allolobophora 
turgida in beech woods; very few L. 
Umstris, He also found Dendrobaena octo- 
edra in all raw humus soils and under a 
variety of conditions which excluded other 
species. Ribaucourt and Combault (8x) 
relate how it lives in the moss on the rocks 
of high mountains and assiduously gathers 
the leaves carried by the wind, dragging 
them into their retreats to devour them, 
and forming mull in unpropitious local- 
ities. In Denmark (7, p. 95) it is of the 
utmost importance, being in most places 
the only species of earthworm living in 
raw humus soil. Dendrobaena arborea is 
also found active in forest soil (7, p. 94). 
Eisenia rosea is quite common in rich, 
clayey forest soil. In winter and the dry 
periods of summer, it may be found rolled 
up like a small pink ball at the lower 
boundary of the mould (7, p. 96). Bome- 
busch regards Allolobophora turgida as the 
most important (because the most abun- 
dant) species of earthworm in mull soils 
of Denmark, of sandy as well as of clayey 
texture. It lives in the mully topsoil. 


directly under the leaf layer, but never in 
it. Allolobophora trapezpides replaces it 
further south in Europe. Allolobophora 
longa closely resembles Lumbricus terrestris 
in appearance and habits. Allolobophora 
chlorotica is most commonly found in 
clayey soil in the forest. Lumbricus rubellus 
he regards as one of the most important 
species of Danish forests, being one of the 
most adaptive as to mully sites. It was 
found in great numbers in beech raw 
humus, and also occurred in oak scrub 
and in coniferous plantations on the 
heaths. Although L. terrestris is much 
more choosy of sites, its work is of far 
greater importance than L. rubellus be- 
cause of its size and the depth of its bur- 
rows. Diem (35, p. 38) records Eisenia 
rosea and Allolobophora aporata from spruce 
soil on limestone and Octolasium lacteum 
from spruce with no lime. 

In little Denmark there are nineteen 
species of earthworms, most of them 
found in woodlands but under different 
conditions of soil, humidity, and humus 
content. In favorable localities Bome- 
busch (7, p. 100) got 358 and 2.54 worms 
representing nine species from a square 
meter of soil (depth not stated). On 
page 103 he then lists the worms found in 
eight different types of woodland soil. 
Friend (49, p. 15) lists thirty-seven species 
of Lumbricidae from the British Isles. 
Olson (76) records twenty-two species 
from Ohio, ten of them common to Den- 
mark. Four useful Danish species, in- 
cluding the very tolerant Dendrobaena 
octoedra^ arc not recorded from Ohio. This 
suggests the introduction into America 
of useful forest species not yet found here. 
Since the earthworm population of New 
England and New York is one of chance 
introduction — (i) postglacial southern 
species, (^) European — there is a splendid 
opportunity to greatly improve our forest 
soils by introducing desirable species in 
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any forest or woodland tract where the 
soil condition has deteriorated through 
abuse or careless management. Some 
species arc peregrine, others are sedentary. 

Tie smaller Olifpehaeta 

The pot-worms (Enchytracidae) are 
minute whitish worms able to live under 
a much greater variety of conditions than 
the Lumbricidae (earthworms). Popu- 
lation density, number per unit area, 
varies from none to thousands per square 
meter. They abound in the upper three 
inches of soil, especially about plant roots, 
wherever the humidity is fairly constant. 
Dry soils, cold soils, or soils with great 
variations in humidity strongly limit the 
numbers. Alkaline soils, rich in humus, 
are the most favorable (35, p. 148). 
Certain species are, however, xeropWle 
(16). Diem secured 5504 individuals in 
a square meter of soil under spruce on 
limestone. Bretscher (16) obtained 8000 
per square meter in soil of pine woods 
(without herbaceous cover); they were 
chiefly in the needle litter. I have found 
an average of a dozen per square foot in 
the litter layer of spruce wo^s. 

Their food consists chiefly of plant 
detritus along with a certain amount of 
mineral particles (35, p. 149). They 
divide the earth and humus more finely 
than do the larger worms (68). Some feed 
on nematodes by excretion of digestive 
enzymes. Thus they aggregate about 
nematode infested plants (below ground) 
(86, p. 646), 

It is difficult to gauge the value of these 
minute worms, or their effect on soil 
fertility and soil channeling. Too little 
is at present known about their habits, 
and their numbers, and they seem too 
insignificant to have much influence. 
However, it must be remembered that 
they arc much more tolerant than the 
Lumbricidae, and that they make up in 


numbers what they lack in size. We 
grossly underrate what does not loom 
large before our eyes. The Enchytraeidae 
should dominate the interest of several 
American investigators. 

The Nematoda 

The thread-worms arc the smallest and 
most abundant of free-living soil worms. 
Since they have to be collected and studied 
by special methods they are very little 
studied unless they become of economic 
importance by attacking plants. 

“Notwithstanding the enormous number of nema* 
todes existing in every acre of arable soil, the actual 
volume and weight of the material composing the 
nematodes is relatively small. We cannot yet posi- 
tively assert that they assist materially in the fertiliza- 
tion of the soil; it is, however, easily conceivable, 
in fact, there is a certain amount of evidence for the 
idea, that, indirectly, some species may be of consid- 
erable importance in maintaining or assisting to 
maintain a fertile condition.*' 

“Though nematodes are small they arc scattered 
through the soil in countless myriads in such a way 
that they must constitute an important mechanical 
factor. From the time they are hatched until death 
ensues, nematodes seem to be in constant motion. 
There is no evidence that they sleep. Such active 
organisms, existing as they do in every acre of arable 
soil in thousands of millions, must exert a more or 
less powerful mechanical influence" (i6). 

The nematode fauna of forest soils is 
almost unknown. Diem (35, p. 
found them in the upper twelve to sixteen 
inches, in soils that were not too dry or 
that did not vary too intensely in humid- 
ity. Heavy, cold, damp clay soils and 
damp forest humus are not particularly 
favorable. Under all these conditions 
plant roots seem to be one of the most 
important factors. 

RBTROSPBCr 

The foregoing review yields the follow- 
ing generalizations: 

1. There is an appalling dearth of 
knowledge both qualitative and quantita- 
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tive concerning the invertebrates which 
inhabit mesophytic woodland soils of the 
northeastern United States, or of forest 
soils in general. Our knowledge of the 
fauna of foresf soils, especially quantita- 
tive, is more meager than is that of other 
culture types. 

1. Much of our knowledge of soil 
animals is not specific enough to be of real 
value for culture or control purposes. 

3. Animals may affect soil favorably 
(earthworms, millipedes, microarthro- 
pods) or unfavorably (social ungulates, 
social rodents). 

4. Due to changes in culture types, 
especially plowing, much of our wood- 
land does not harbor an adequate or 
balanced soil population. 

5. Man may be unable to control volant 
animals, but the most important groups 
of soil animals are nonvolant (earth- 
worms, millipedes, mites), have been 
severely localized, and are limited in dis- 
persal by many man-made barriers. 

6. Certain groups affect soil intensively; 
very locally, or intermittently (higher 
insects), while other groups exert a con- 
stant, general effect (earthworms, micro- 
arthropods). 

7. Many insignificant forest animals, 
like woodchucks, voles, earthworms and 
mites are beneficial soil animals. 

8. Many species of animals (mammals, 
burrowing birds, toads, insects) are im- 
portant soil benefactors over a period of 
years, collectively and with cumulative 
effect. 

9. Soil activity may be increased by 
encouraging ample growth of food plants 
of desirable soil-digging animals (es- 
pecially such insects as Lepidoptera, root 
aphids). Certain insignificant trees and 
plants are important in initiating and 
maintaining good soil conditions through 
their effect in sweetening the upper layers 


(poplar, tulip tree, ash) and in intensive, 
ephemeral root penetration (annuals). 

10. Forest management will yield high- 
est results when a long time view-point 
especially of humble species, is enter- 
tained. 

11. Burrowing animals dig winter bur- 
rows deeper with increasing latitude. 

INTBRRBLATIONS 

A square-foot sample of long undis- 
turbed, unburned humus taken from an 
acre of spruce woodland of northern 
New Hampshire yields as many as two 
hundred species of arthropods, without 
including the one hundred to two hundred 
species of arthropods which are so thinly 
sprinkled as to be missed by the sole 
square-foot sample. All the animals of 
a square mile of long undisturbed, im- 
burned forest floor thus total well over 
four hundred species, without including 
such widely spaced species as the deer, 
bear, red-shouldered hawk, and rattle- 
snake. Increase in area of sample in- 
creases number of species (without in- 
cluding new habitats) due to mobility, 
colonial nature, and rarity (localness) of 
certain species. The interrelations of 
such a complex are difficult to visualize, 
especially when we are ignorant of the 
food habits of many of the species. A 
detailed review of interrelations is there- 
fore impossible at the present time. How- 
ever, certain general aspects are pertinent. 

THE STRUCTURE OF AN ANIMAL POPULATION 

To understand the structure of a popu- 
lation of animals one must understand 
the structure of the plant formation en- 
compassing it. All major anemophorus 
trees are life forms capable of thriving 
independently of other life forms. When 
living crown to crown to form a contin- 
uous canopy (either unispecific or pluri- 
specific) ^ey form a forest formation 



48 


THE QUARTERLY REl^IBfV OF BIOLOGY 


(96, p. 139). The forest formation affords 
greater shelter and food supply to smaller 
species of plants and to animals than does 
any other formation (parkland, scrub, 
prairie, desert). The amount of shelter 
thus afforded is affected by intensity of 
wind action and of shade, and their con- 
comittent factors (97, p. 168). The com- 
plexity of the forest formation is due to 
the si2e of the dominant life form — the 
tree. The kind or number of species of 
major (dominant) trees to a large extent 
determines the structure of the forest 
formation (96). 

The minor structural units of the forest 
formation arc the layers formed by the 
various plant forms represented, as: minor 
trees, shrubs, minor shrubs, herbs, mosses, 
lichens, algae, and organic debris (96, 
p. 330-331). Layers (strata) may be 
horizontal, vertical or oblique; plane, 
cylindrical or conic — depending on the 
form of the substratum. 

The species of plants making up strata 
arc of sociological importance only as they 
affect, or arc affected by, other species of 
the formation. In such an agglomeration 
certain species are dependent on others 
or the effects produced by others, while 
some are independent, that is, capable of 
growing elsewhere, as in other formations 
(c.g. parkland, scrub, shrub desert, prairie, 
steppe). Species unable to live outside 
of the one formation or association are 
narrows (dependents); the others arc 
widcs (independents). To understand the 
structure of a formation vital relations 
should be determined. Much ecological 
work has been descriptive and quantita- 
tive, with little effort made to determine 
which species are dependents or inde- 
pendents. 

Food Relations 

All animals depend directly or indirectly 
on vegetation for nourishment and there- 


fore existence. Hence animals do not 
form formations in the same sense as do 
the plants. They may be aggregated 
(for various reasons) to form populations 
or herds and colonics — ^unispccific or 
plurispecific. To postulate animal forma- 
tions or associations in woodlands is a 
false concept. Similarly, a fauna is not 
a vital community, but a group of ani- 
mals brought together by shelter, food, 
population pressures, migration and such 
historical factors as land bridges, winds, 
floods, fires. Each species in the fauna 
is not vitally connected with all the 
others. Many arc “associates** by jux- 
taposition, proximity, common food. 
Some live just as well in another associa- 
tion or formation. 

Animals dependent on primary foods 
(green plants) arc primary animals — herbi- 
vores (phytophages). Saprophages arc 
low primaries. Animals dependent upon 
primary animals arc secondary animals^ 
as predators and parasites, which may be 
tertiary, quarternary, etc. A hawk that 
feeds on snakes that feed on batrachians 
that feed on arthropods (of various feed- 
ing habits), is a quarternary or quint- 
ernary predator — better say a remote predator 
(remote from the primary supply). Fungi- 
vorcs, nccrophagcs, and coprophages arc 
low secondaries. 

The various primary animals (phyto- 
phages) of a formation arc often inde- 
pendent of each other. Each may depend 
on different plants or plant products of 
the formation. For example deer and 
rabbits arc quite independent of each 
other, but both arc present in the forest 
because of the advantages offered by the 
forest. 'They do not even compete, since 
the one is a high browser and the other a 
low browser. They arc related to each 
other merely as members of the forest 
formation. Phytophagous animals are 
motile interstitials of vegetation, center- 
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iog about their nests (territory) or feeding 
grounds. 

Primary animals feeding on the same 
food are mss-mates^ sometimes competitors. 
For example, the elm-leaf beetle (Galeru- 
cella xanthomelaend)^ the elm sawfly (fiim- 
bex americana)^ the elm sawfly miner 
(Kaliofenusa ulmi) (6i), and the following 
caterpillars are all associates of the elm 
because they feed on the elm (in the same 
geographical region): Nepticula apicialbella 
mines upper side of leaves (Ohio), Litho- 
colletis argentinotella mines under side of 
leaves, L. ulmella mines upper side of 
leaves, Coleophora limosipennela eats the 
leaves, Helice constrictella feeds on the 
leaves, webbing the under surface, Anchyl- 
opera fuscociliana (leaf folder and eater), 
Tetralopha asperatella (leaf roller and eater), 
Canarsia ulmiarrosorella eats the leaves 
(forming a silk nest between the leaves) 
(47), and others. All these and many 
more are members of the elm tree associa- 
tion, and since they all feed on elm leaves 
at the same time of year, they are po~ 
tential mess-mates, though seldom found 
on the same leaf at the same time, thus 
rarely competitors. The caterpillar, Argyr- 
esthia undulatella, feeds on the bast of the 
larger branches and trunk of the elm. It 
is thus an associate of the elm, and a mem- 
ber of the elm association but it has no 
vital (sociological) relation to the leaf 
feeders. Its relation to them is spacial — 
one of justaposition. On the forest floor 
many species of animals feed on faeces, 
many on dead leaves, and many on fungal 
tuycclisL. However, there often is a suc- 
cession of species through degrees of 
reduction or decay (i, fig. 17, p. 154). 
Hence, mess-mates are a common phe- 
nomenon, but their mateship is sociolog- 
ically fortuitious, often a result of his- 
torical or phylogenic factors. 

To catch a lot of animals in a number of 
net sweeps or in a cylinder and classify 


them on the basis of numbers of indi- 
viduals of each species as dominant and 
subdominants is a laboratory concept. 
Sweeping the foliage of an elm tree would 
give very diflFercnt dominants and sub- 
dominants from tree to tree, from month 
to month, and from year to year without 
indicating interrelations — the structure 
of the population of the elm tree, much 
less the structure of an elm community. 
Thus to understand an association or a 
fauna, food habits are one of the most 
important interrelations (and one of 
primary economic importance to man). 

Primary animals are to be found among 
all phylogenic categories of forest floor 
animals, but many of them also take in 
small amounts of secondary foods. In 
grouping animals by their food relations 
the major food is understood, for this will 
indicate the major effect of each species 
in the association. Even as small a 
category as a phylogenic family of animals 
will include primary and secondary feed- 
ers. For example, some ants (Myrmicidae) 
are graminivorous QPheidole and Tetra- 
morium)y some fungivorous (iAtta')^ and 
some are carnivorous (various) (100). 
Hence it is imperative to study the feed- 
ing habits of each in order to determine 
its sociological place in the community. 
This is just as true of Protozoa as of higher 
animals (85, p. 3, 3). Specificity is of 
considerable importance in evaluating a 
species. Many predators are wides (eury- 
phagous) in their feeding habits, while 
many phytophages are restricted to one 
food (stenophagous or monophagous). 

Food habits arc conditioned by the 
size of the animal and its type of mouth 
parts, as well as by its internal conditions. 
The diagram on the following page 
should illustrate this point. 

The following groups of saprophagous 
animals (with chewing mouth parts — a 
primitive condition) have developed 
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genera with sucking mouth parts: milii* 
pedes, springtails, Oribatid mites, Tyro- 
glyphid mites (Jtiistiostmd)^ Raphignathid 
mites, Nematodes. Thus there is a defi- 
nite factor in animal tissues which, by 
causing attenuation of mouth parts, de- 
termines feeding habits. 

Nesting Site 

Nesting site is another important in- 
terrelation. This means the place where 
the eggs are laid. Place of hibernation, 
aestivation, pupation, moult, are not 
necessarily included. The nesting site 
is often the place where the immature 
feeds or where its food is brought. Hence 
food and nesting site may be closely re- 


at the moment of collection. Such num- 
bers may fluctuate violently from year to 
year, or month to month, at times from 
hour to hour, depending on migrations, 
epidemics, hatching or transformation 
dates, and other factors. To set up an 
ecological classification based on numbers 
may be spectacular (a picture) but it is 
not vital. Should ecological studies com- 
prise ephemeral pictographs or should 
they present vital relations? (It is much 
more difficult to analyze feeding habits 
and work out life cycles than to collect 
a net or can full of specimens and send 
them to specialists for determination. 
The former calls for a biologist, the second 
for a technician or clerk.) 


Primary Foods 
’ Green plants 
Fungal mycelia 
Dead Plant-parts 
Dead Animals 
Faeces 


Bacteria 


Bacttriofbagjts 
Protozoa 
Mollusca 
Insect larvae 
Enchytraeids? 
Nematodes 


Qiewers 

Mites 

Beetles 

Centipedes 

Suckers 

Mites 

Spiders 

Pseudoscorpions 

Hemiptera 


( Salamanders ] 
Toads 

Large Beetles] 


Grouse 

Shrews 

Snakes 

Skunks 


Hawks 

Owls 

Fox 

Wolf 


VMan 


lated. The nesting and egg-laying habits 
of all species of an association should be 
known. In fact no animal can be properly 
evaluated as to its influence in an asso- 
ciation until its entire life history, includ- 
ing its predators, parasites, diseases and 
competitors and their incidence, is known. 
This is a fundamental ecological principle. 
It is as true of Protozoa as of higher 
animals (85, pp. z, 3). 

In America the animals of an association 
are often ecologically classified on the 
basis of relative numbers — dominants, 
subdominants, etc. Recent work in 
ecology has shown that numbers of in- 
dividuals of a primary aninul is an index 
of available shelter and of available food 
(37-40). The relative numbers of each 
species gives a picture of the association 


Duration 

The degree of dcpendancc on the asso- 
ciation (forest or layer) is expressed by 
the suffixes -bionts, -philes, -xenes. The 
soil and litter fauna (the geenton) is a 
practical unit, a layer of the forest, grass- 
land or desert. It is one layer (one reel) 
of a complete picture. Its geobionts (67, 
p. 377; 48, p. zi) are directly dependent 
upon plant roots (or other underground 
parts), decaying plant parts, fungi, faeces, 
or other animals, for their full time main- 
tenance and well-being. Those animals 
which spend part of their lives in the soil, 
cither as egg or immature stages, or as 
adults, for hibernation, aestivation, ovi- 
position, nidification, and feed outside, 
arc geophiles (67, 48)- Strays arc geoxenes. 
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G)llcctivcly, they arc gsocohs. Geobionts 
able to live in the soil layer of another 
plant association (parkland, scrub, grass- 
land) are wides. To classify each species 
of animal under such heads aihfood rela- 
tions, effect on the associate or the 
habitat (tramplcr, dunger, borer, miner, 
chewer, sucker) and duration, tersely 
presents data on which can be based the 
place and the effect of that species in the 
association. The relative numbers of a 
species, under certain conditions, might 
indicate the intensity of its effect. 

Daily Vertical Migrations 

Volz (93) found that most of the pig- 
mcntless (eyeless) springtails of the soil 
occurred at the lower depths while the 
pigmented, patterned, fully-eyed species 
occurred chiefly in the litter. Collecting 
in spruce woodlands of the White Moun- 
tains (N. H.) in the early morning, when 
the ground was still in deep shadow and 
the litter still dew wet, I found that most 
of the pigmentless species were in the 
upper layers of spruce litter in great 
abundance while some of the pigmented 
species (especially Achorutes armatus and 
A, nivicolus) were lower down. It is 
probable these animals migrate to the 
lower layers as the rising sun dries out the 
upper layers, and back to the upper layers 
as the sun sets and the forest floor becomes 
cool and moist (dewy). Thus the lower 
layers would act as a retreat during periods 
of drought for many of the springtails. 
These daily migrations would account 
in part for the variation in numbers per 
sample of litter. 

Holdhaus (63) reports such daily verti- 
cal migrations of the soil fauna in the 
upper alpine zone under the influence of 
the sun’s rays. In the forest he found the 
fauna of the topsoil decreased somewhat 
in numbers on hot days, but there was no 
general migration. Betties were found 


more numerous at night than by day, but 
he has no proof that this was due to migra- 
tion to lower soil horizons. Volz (93) 
found no marked daily migration of 
springtails in the flood plain (deciduous) 
woodland. This he attributes to the leaf 
layer which remains relatively saturated 
with water even in the summer [and 
German summers are apt to be pretty 
wet]. In the pine forest soil, however, 
he found evidence of migration from the 
litter into the raw humus at least during 
warm dry weather. This he attributes 
(in part) to the great pore space (88 per 
cent) of the raw humus. 

In brief, therefore, one may conclude 
that in dry woodlands, in a relatively 
dry climate, there may be general migra- 
tions, but in moist woodlands (especially 
deciduous) in moist climates there would 
be practically no daily migrations. In 
other words, daily vertical migrations of 
Collembola (and other soil microarthro- 
pods) seem to be chiefly conditioned 
by the degree of change in the humidity of 
the litter layer, due to degree of solar 
radiation and degree of dew “fall” at 
night. 

Another factor influencing such a migra- 
tion would be the nature of the fauna 
itself. This has been brought out by 
Marie Hammer (57) in her studies of the 
soil fauna of Greenland. In brief, ir- 
respective of vegetative cover type (as 
found in Greenland), if the lower soil 
horizons are constantly moist, they harbor 
a moisture sensitive fauna. If the lower 
soil layers are apt to dry out considerably 
during some part of the^ growing season, 
only dry tolerant species are found. Such 
species would not be moved to migrate 
by slight daily changes in humidity. 
It is the minimum condition during the 
year — and probably also over a cycle of 
years — ^which determines the nature of 
the population, as regards sensitivity and 
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indifference. Therefore, what actually 
occurs at any one locality or in any one 
type of woodland would have to be de- 
termined by an analysis of the population 
at that place and in that forest type. 

Daily vertical migrations in the mineral 
soil would also depend to a certain extent 
on the depth and character of the overly- 
ing organic (litter and humus) layers, 
and degree of plant shelter. 

Volz is satisfied that frost causes no 
marked changes in the vertical distribu- 
tion of Collembola, though there seems 
to be vertical migrations of a few inches 
(two to four) with certain species, notably 
such as Onychiurus. 

Even though the forest floor and es- 
pecially the underlying mineral soil is 
an unusually protected and stable en- 
vironment, there is wide variation of 
moisture conditions in the upper two 
inches due to differences in crown density, 
number of strata of vegetation (openness 
of the stand), degree of regeneration, 
degree of fluctuation versus constancy of 
water table level, distribution of rainfall 
through the year, especially through the 
growing season, history of the stand, and 
degree of pasturage (trampling). Thus 
Volz should not find evidence of migration 
between the lower layers, but considerable 
evidence in the upper two or three inches 
through every twenty-four hours. The 
sun shining on one spot for a half hour 
should cause considerable migration as 
the litter of that spot warms up under the 
sun*s direct rays. The migration would 
be particularly active along the advancing 
periphery of the sunspot. Hence vertical 
migration may be an extremely local 
phenomenon, ephemeral and daily. This 
phenomenon makes deeper samples im- 
perative. 

Ingress 

A group of animals found in the soil, 
but not soil animals, are those inhabiting 


the nests of the burrowing vertebrates. 
These microcavems shelter a host of 
beetles and flies ecologically known as 
pholeocoles. This fauna comprises para- 
sites, commensals, riders of the hosts, and 
saprophages on nesting material and food 
refuse, coprophages, mycophages, and 
predators, parasites and commensals on 
the saprophages, coprophages and myco- 
phages (41). Those species which enter 
through the burrow of the host, and 
which, therefore, do not affect soil struc- 
ture, are not gcocoles. 

The same may be said of many myr- 
mecocolcs, tcrmitocolcs, and inhabitants 
of the nests of other soil insects (especially 
bees and wasps). 

Competitors and Tolerances 

This is as yet a laboratory subject. 
Very few examples arc known in nature. 
Closely related gcocoles live side by side 
apparently on the same food. They have 
one great advantage over their laboratory 
relations — they and the factors of their 
environment (as circulation) arc not 
limited by the glass walls of a small jar. 

CONTROL 

The foregoing review would be eco- 
nomically sterile without at least a glance 
at the social significance of the observed 
phenomena. Nature is haphazard in some 
of its end results. Time is of no considera- 
tion. Man can hasten natural processes 
by introducing absent desirables. He has 
the biota of nearly the entire length of a 
life zone to choose from. 

From the recreational viewpoint, the 
more wild life we find in our woodlands 
the more interesting the woodlands be- 
come — provided the public discards its 
childhood fears, and learns what animals 
(and plants) are really injurious. In 
New England they arc so rare that thirty 
years of woodland wanderings have not 
lead me to one of them (poison ivy ex- 
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cepted). A fandamental principle then 
is to eliminate nothing that is not posi- 
tively injurious to man or his well- 
managed enterprises. Q>rollary: Control 
the numbers of only those species which 
are disagreeable to man when too num- 
erous. 

From the point of view of .silviculture 
(the wood crop) the problem is much 
more complex. After decades of experi- 
ence the forester has come to realize that 
mixed stands are better than pure stands — 
over a long period of time, as for national 
and state forests. Yet some foresters 
go about with murderous thoughts for 
poplars, tulip trees and other lumber- 
poor species, species albeit which are the 
most desirable to earthworms, millipedes, 
molluscs, bacteria and other highly de- 
sirable soil animals. In fact, an entirely 
neglected phase of silviculture is (i) the 
encouragement of herbs, shrubs and minor 
trees, the litter of which will sweeten or 
reduce the acidity of the litter and humus, 
and thereby generate better soil, (x) the 
encouragement of herbaceous plants which 
will annually permeate the soil with 
dying rootlets which then may be eaten 
out and leave in their place a divaricating 
system of water conduits. 

Channeling 

A compacted soil absorbs but little 
rain-water which consequently runs over 
the surface, swells the brooks and streams 
and causes floods. A soil full of channels 
takes in the rain-water and distributes it 
underground. This entering water carries 
with it into the soil, finely divided organic 
particles of the litter layer. Thus one of 
the most desirable soil conditions is a 
high degree of channeling. 

Channeling is brought about in two 
ways, (i) by burrowing animals, (x) by 
animals which eat out dead and decaying 
rootlets (and roots). Every time an 
annual plant dies its divaricating root 


system offers a potential irrigation system 
to the surrounding soil. Hence a carpet 
of annual plants plus an association of 
dead-root eating animals are two essen- 
tials to good soil channeling. 

Any animals channeling the soil by 
burrowing about in it are desirable, if 
not otherwise injurious. Some of the 
damage done by leaf eaters is offset, in 
the case of species which pupate in the 
soil, by their burrowing activities. If 
these species feed on the humbler plants 
their effect is “all to the good.” Some 
species prefer humbler plants to oaks. 
A varied flora is thus of greater advantage 
to the soil than a restricted flora. Graz- 
ing of woodlands destroys the herbaceous 
flora and compacts the soil by trampling. 
All plants which offer food to insects 
hibernating or pupating in the soil should 
be encouraged (except poison ivy). 

Mixing 

When leaves fall to the ground they be- 
come the hosts of various fungi which 
reduce their contents and make their 
tissues soft (rotten). In this stage many 
minute animals are able to feed upon them 
and further reduce their tissues to minute 
particles (faeces). If the soil is com- 
pacted, these organic crumbs arc washed 
into the brooks and streams and accumu- 
late on and beyond the continental shelf. 
Far better is it to have this organic residue 
mixed into the mineral soil. This process 
is carried on by earthworms, ants, milli- 
pedes and some of the mammals, not to 
mention a host of miscellaneous insects. 
Not only do these animals push mineral 
soil out onto the organic layers but some 
of them draw down into the mineral soil, 
dead leaves and other organic residues. 
All such animals should be encouraged — 
introduced where absent. Many mixers 
cannot live under an acid litter layer. 
Therefore all plants, the decaying litter 
of which tends to alkalinate the litter, 
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should be encouraged and introduced 
when absent. 

Rfstoching 

Glaciation and forest fires have greatly 
reduced faunas locally. Such depopu- 
lated areas can be restocked by man if 
done intelligently and with a knowledge 
of the requirements of the desirable plants 
and animals. One of our best soil im- 
provers is the European earthworm, 
called the angle worm or night crawler 
(Jjumbfkus Umstfis). It is an example 
of the great good obtainable by introduc- 
ing desirable aliens. 

There are, however, some soils which 
do not favor L. umstris^ but they allow 
Dtndrobaena octaedra to improve them to 
such an extent that two or three other 
species (L. rubdlus^ L. castantus and D. 
arboreal may become established. These 
species will further improve the soil con- 
dition, especially as to humus content, 
so that Allolobopbora turgida is enabled to 
thrive. In this way the soil condition 
may be built up, at least as to humus 
content, until it becomes suited to the 
most desirable — L. temstris. This se- 
quence or succession is outlined by Bomc- 
busch on page lo} (7). It should be 
noted that mull soil is produced by other 
worms besides L. temstris. One hears so 
much about L. umstris because of Dar- 
win's volume, and because its midden 
piles are spectacular. It is not necessary 
to confine ourselve to European worms. 
There undoubtedly are North American 
species south of the glaciated area which 
chance has not yet introduced northward. 
Finally, there are earthworms in north- 
eastern Asia, Argentina and possibly south 
Africa which would bear investigation 
as possible allies in soil improvement. 
We arc so ignorant in this field, that we 
do not even have a serious list of the earth- 
worms of New England (51). 


However, earthworms arc not the only 
factor in soil improvement. Elimination 
of trampling and over-grazing by cows or 
sheep; encouragement of underbrush and 
reproduction, especially around the edge 
of the tract, to reduce dessication by wind 
action; encouragement of shrubs forming 
alkaline litter rather than acid; encourage- 
ment of under-trees forming alkaline litter; 
starting a stand with a sprinkling of trees 
forming alkaline litter (as poplars), but 
which will later drop out as the desirable 
trees grow larger; and other such silvi- 
cultural management, coupled with the 
early introduction of certain millipedes, 
earthworms, and soil-mites, should insure 
good soil conditions from the start. Earth- 
worms and other desirable soil animals 
as well as sociologically desirable wood- 
land plants should be introduced at the 
inception of a plantation to enable the 
animals to start litter reduction and humus 
incorporation before the litter becomes 
acid. Romell (84, bottom of p. 13) 
describes how once the soil has been 
started on the alkaline side, the soil 
fauna maintain it, but once it gets started 
on the acid side it will become more and 
more acid, for the processes involved are 
cumulative. 

Once the fauna becomes established, it 
will maintain itself by the way it condi- 
tions the soil, and by keeping ahead of 
litter accumulation, especially if the stand 
is not allowed to become too dense. In 
this way, by the intelligent use of the 
most humble plants and animals, which 
work day and night, and for nothing, 
soil may be permanently established at 
its optimum condition of moisture and 
fertility. Control, especially initial con- 
trol, is of cardinal importance. Upkeep 
is barely necessary since the processes 
are cumulative and effective in the aggre- 
gate. 
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SUMMAKT 

Soil improvement most take into con- 
sideration the soil fauna, the surface 
animals, and the vegetation in its entirety, 
for many species in the forest 'have their 
particular effect, their contribution, in 
one direction or another. There is suc- 
cession in the soil fauna, as there is suc- 
cession in the flora. Nature’s course is 
haphazard; man can bring about optimum 
conditions rapidly by enlightened man- 
agement. He can, not only direct, but 


hasten nature’s processes: (i) by elimi- 
nating chance and (i) by using short cuts, 
and especially (3) by giving the forest 
complex the right start. At present we 
have but fragmentary knowledge of the 
desirable species at hand, and almost no 
knowledge of the species available from 
other areas. 

[Because of the untimely and lamented death of 
Dr. Arthur Paul Jacot, while this paper was in the 
press* the revision and extension of the following 
bibli6graphy that he had intended to make* could 
not be accomplished. Editor.] 
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INTRODUCTION prcscncc of one of the sex chromosomes 

T he differences between men and quantitative balance be- 

women in relation to the proc- of “d autosomal 

esses that lead to death are of chromosomes. The original simple 

more than passing interest for scheme is further relegated into the back- 

the student of human constitution. This S^'ound when an explanation is sought for 
branch of human biology, it has been Goldschmidt’s observations on the altera- 

emphasized (Pearl and Ciocco, 1936; “on of the sex ratio and on the production 

Ciocco, 1936a, b). has for one of its major of intersexes as the result of crosses be- 

objectives to discover and eventually meas- c^cen certain varieties of tussock moths, 
ure the stable organic correlation- The conclusion which Goldschmidt (1917) 
integrated biological relations-between reached and which he has maintained since 
the morphological, physiological, psy- Cef- Goldschmidt, 1938), is that “every 
chological, and pathological traits of the ‘“dividual is able to develop into one sex 
individual. Therefore, the differences in between; further 

morbidity and mortality observed for the every individual contains all the 

two sexes assume special importance not deiuents necessary for the development of 
only because the individuals of the two “d its attributes; further that 

sexes are on the whole also morphologi- elements or substances must have 

cally and functionally differentiated but » c««i“ quantitative relation to each 
primarily because the sex dimorphism re- other in order to secure to one of them the 
fleets a dissimilar biological make-up. control of development; and that the 
This, it is of course realized, does not introduction of quantities in a cross 
mean that sex differentiation is due simply 'vhich do not fit the given quantity of the 
to the chromosomal constitution of the o*her partner set up the sex differentiation 
individuals. In the first place, as Dan- “ ^»vor of the higher quantity.” 
forth (1931) ably points out, the results That the final differentiation of sex is 
of investigations on sex linkage have dependent also on extra-chromosomal 
shown clearly that the so-called sex « universally admitted today, 

chromosomes are, one might say, only tbanks to the many observations and 
incidentally concerned with sex differen- experimentations reported on gynandro- 
tiation. Besides, as a result of the work morphism and sex reversal. Thus, the 
of Bridges and of all those who have con- observation by Crew (19x3) of the broody 
firmed and extended his observations hen transformed through disease into a 
(Bridges, 1931), it is accepted that the potent rooster is well known. Equally 
characteristics of each of the sexes are familiar are the studies of Hertwig C190Q 
determined not only by the absence or continued and elaborated further by 


INTRODUCTION 

T he differences between men and 
women in relation to the proc- 
esses that lead to death are of 
more than passing interest for 
the student of human constitution. This 
branch of human biology, it has been 
emphasized (Pearl and Ciocco, 1936; 
Ciocco, 1936a, b), has for one of its major 
objectives to discover and eventually meas- 
ure the stable organic correlation — 
integrated biological relations — between 
the morphological, physiological, psy- 
chological, and pathological traits of the 
individual. Therefore, the differences in 
morbidity and mortality observed for the 
two sexes assume special importance not 
only because the individuals of the two 
sexes are on the whole also morphologi- 
cally and functionally differentiated but 
primarily because the sex dimorphism re- 
flects a dissimilar biological make-up. 
This, it is of course realized, does not 
mean that sex differentiation is due simply 
to the chromosomal constitution of the 
individuals. In the first place, as Dan- 
forth (1931) ably points out, the results 
of investigations on sex linkage have 
shown clearly that the so-called sex 
chromosomes are, one might say, only 
incidentally concerned with sex differen- 
tiation. Besides, as a result of the work 
of Bridges and of all those who have con- 
firmed and extended his observations 
(Bridges, 1931), it is accepted that the 
characteristics of each of the sexes are 
determined not only by the absence or 
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Witschi (1934) to demonstrate how the 
sex of female tadpoles can be reversed. 
In recent years » due to the increased 
knowledge about the function of the 
endocrines and the chemical composition 
of the hormones, investigations on the 
subject have multiplied so that now a more 
comprehensive idea of the complexity of 
the processes of sex differentiation has been 
obtained. The general import of these 
studies has been dealt with in recent 
exhaustive reviews by Bridges (1939), 
Willier (1939), Witschi (1939) and Dan- 
forth (1939) and need not be considered 
here. One may sum up,, as Danforth 
(1931) does, by noting that *‘We may, 
then, in the present state of our informa- 
tion, think of somatic sexuality as the 
expression in each individual of a certain 
grade of development along special lines. 
In higher forms the grade attained by 
each person is primarily conditioned by 
the particular set of chromosomes which 
are brought together in the fertilized egg 
and which determine the direction to be 
taken in development of fundamental 
potentialities which are common to all. 
The direction of this development in- 
volves the production of the appropriate 
type of endocrine system, which in turn 
is largely effective in supplying the neces- 
sary stimuli for the realization of the kind 
and degree of sexuality foreshadowed in 
the fertilized ovum.*’ Thus, in compar- 
ing the morbidity and mortality of the 
two sexes or — as is usually the case when 
dealing with man — of persons who differ 
relative to the conformation of the ex- 
ternal genitalia, the final aim is to arrive 
at a knowledge of the association between 
liability and susceptibility to specific dis- 
eases and the fundamental biological fac- 
tors which serve to produce the somatic 
expression of the two sexes. Although 
there are still many uncertainties about the 
actual processes leading to sex dimor- 


phism, it is only too evident that 
humanity could not be segregated so 
clearly into any two other groups about 
which the basic factors of differentiation 
are known in the same degree as is the 
case for the sexual differentiation into 
men and women. For this reason par- 
ticularly, that is, as a new approach to 
the study of human constitution, this 
survey of official vital statistics and 
clinical reports has been undertaken. 

THE DIFFERENTIAL MORTALITY IN THE TWO 
SEXES 

Throughout practically the whole life 
span of man, the rate of mortality of the 
males exceeds that of the females. In 
the following tabulation, the life table 
mortality rates computed by Dublin and 
Lotka (1936) from data relating to the 
years 1919 to 1931 illustrate the sex dif- 
ferences in mortality observed in the 
population of the United States. 

It should be noted here that while the 
figures in Table i demonstrate that the 
mortality of the women is lower than that 
of the men at all ages, observations in 
other countries, as well as in the United 
States in other periods, show that in the 
early adult life and in the so-called repro- 
ductive period women have a slightly 
higher rate of mortality than the men. 
Why the life table rates reproduced in 
Table i do not bring out this fact is an 
item for discussion which will not be gone 
into at this time (cf. Wiehl, 1938). 

The higher mortality of the males has 
been recognized and quantitatively demon- 
strated ever since statistical observations 
on population phenomena have first been 
made. In his Natural and Political Obser- 
vations (167O Captain John Graunt re- 
ported that more men are born and that 
more die and that there are more men than 
women in the population. Yet, he noted, 
”1 have heard physicians say that they 
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have two Women Patients to one Man, 
which Assertion seems very likely; . . . 
Now, from this it should follow, that 
more Women should die than Men, if the 
number of Burials answered in proportion 
to that of Sickness: but this must be 
salved, cither by the alleging, that the 
Physicians cure those Sicknesses, so a few 
more die than if none were sick; or else 
that Men, being more intemperate than 
Women, die as much by reason of their 
Vices, as Women do by the Infirmity of 
their Sex; . . /* Considering the times 

TABLE I 


Lift tahU mortality rafts of white males and females at 
decennial ages. United States population of igjo 
(Adapted from Dublin and Lotka, 1936.) 
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this is about as clear a presentation of the 
problem as could be outlined and it is 
doubtful whether any progress in this 
respect has been made since, even though 
Graunt utilizes the findings mainly as a 
demonstration of the **Law of Nature^ 
that is, the Law of God*' that man should 
be monogamous. 

Another of the founders of demography, 
Moheau, (cf. Niceforo, 1915) in 1778 
published his famous treatise on the 
French population and in it the usual sex 
differences in mortality are demonstrated. 
To Moheau, these findings seemed con- 
trary to expectations because he believed 


that since the female matures earlier than 
the male her span of life should be shorter. 
The higher mortality of the men, he 
opined in view of the data, must therefore 
result from the more hazardous and labori- 
ous life led by them. Somewhat similar 
was the conclusion of the contemporary 
English historian Maitland (1739) who, 
as quoted by Farr (1883), said: *‘the 
majority in favour of the males is by our 
naturalists said to be designed by nature 
for the support of that part of the human 
species which is more liable to be de- 
stroyed by War than the other. But as 
war is only casual, and not perpetual, I 
am of the opinion that this supernumerary 
supply is designed by nature as a constant 
remedy against incessant contingencies 
which the males are more obnoxious to 
both by land and water than the females.” 

In sum, if we disregard the teleological 
aspect of the discussion, these authors as 
well as the numerous students of the sub- 
ject who have followed them see in the 
higher mortality of the males a conse- 
quence of the masculine pattern of living. 
Undoubtedly this social and environ- 
mental factor docs play an important r 61 c 
in the sex differential mortality but it 
does not explain the whole of the differ- 
ences between the two sexes, particularly 
that associated with death in infancy. 
Quctclct (1835) was apparently aware of 
this. As usual, he believed that an 
irregular mode of living and the ease with 
which the carnal appetites can be satisfied 
arc responsible for the higher adult male 
mortality. With regard to infants, how- 
ever, he somewhat lamely, although in 
italics, concluded: ”11 parait done hors 
de doutc qu '#7 exists une cause particulthe de 
mortaliti qui frappe de prif Irenes les enfans 
mdles avant et mnUdiatmont apris leur 
naissance.** 

As Quctclct and others since have well 
realized, the higher mortality of the males 
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in infancy indicates that the aggregate 
shorter duration of life of men when com* 
pared to women can in part only be attrib- 
uted to the special function of the male 
in human society. Conceivably other 
factors must be involved, probably factors 
which are associated with the inherent 
biological differences between the sexes. 
Lending support to such a view are the 
observations on other animals most of 
which have been summarized and dis- 
cussed by Geiser (19x3), Parkes (1916), 
MacArthur and Baillie (1931) and Crew 
(1937) among others. Of course, pre- 
cise knowledge about the relative mor- 
tality of the males and females of other 
animals is still not very extensive or 
conclusive. 

With reference to other mammals, the 
data reported refer mostly to pre-natal 
mortality and in general are in agreement 
with the findings about man. The old 
investigation by Gochlert (1888) which 
is often quoted found that among horses 
for every 100 females born dead there arc 
106 males, while for every loo females 
born alive there arc only 97 males. The 
inference drawn from these facts is that 
the male manifests inferior resistance to 
the causes of foetal mortality. A similar 
conclusion is reached from the observa- 
tions of King (1911) on rats, those of 
Jewell (19x1) on cows, and of Parkes 
(19x3) on pigs. With reference to dura- 
tion of post-natal life the report of Crew 
(19x5) on pigs is especially interesting. 
According to Crew, in over xooo pigs the 
mortality between birth and weaning was 
found to be 39 percent of the males and 
34 percent of the females. 

With regard to birds the weight of 
evidence would seem to indicate that in 
general the male is the less resistant of the 
two sexes. Such is the conclusion reached 
by Pclscnccr (19x5) in his review of 
^reports by field naturalists and collectors 


of wild birds. Although the reliability 
of this type of information may be ques- 
tioned it is in agreement with the observa- 
tions of Cole and Kirkpatrick (1915) on 
pigeons and of Haig-Thomas and Huxley 
(19x7) on pheasants. 

The most extensive information about 
birds is obtained, as expected, from data 
on the domestic fowl. With regard to 
pre-natal mortality no definitive conclu- 
sion can be reached from the recent obser- 
vations reported. For example, Byerley 
and Jull (1933) found more females than 
males among the dead embryos, while 
Crew (1938) found a slight excess of 
males. On the other hand. Pearl's (1917) 
careful study of the sex ratio at hatching 
based on over xo,ooo chicks indicates 
that slightly more females than males are 
produced, the proportion being 944 males 
per 1000 females. Moreover, it is im- 
portant to note that his data show that 
for the embryos dying between the tenth 
day of incubation and hatching the sex 
ratio is not significantly different from 
that of the live births. He therefore con- 
cludes that for the fowl generally ‘‘pre- 
natal mortality is not differential in respect 
to sex.*’ With regard to post-natal 
mortality, however, it would seem that 
a sex differential exists. According to 
the studies of Landauer and Landauer 
(1931) and of MacArthur and Baillie 
(193X) there is a consistently higher male 
mortality at least for the first 17 weeks 
after hatching. 

Geiser (19x3) who “ransacked the 
literature” on fishes noted that for the 
plaice (PUuronectes flatessa L. and Hypo- 
glossoides plaUssoidos Fahr.), the witch 
(PleuromcUs cynoglossus L.), the salmon 
(Salmo salar L.), the smelt (fimorus 
optralanus L.) and the dogfish (Spinax 
nigtr) the data recorded indicates that the 
male has a shorter life span than the 
female. The conclusion reached is based 
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on the fact that the proportion of males 
caught is higher in the younger than in 
the older fish. Of a more precise if not 
yet satisfactory character are the data 
reported on the top-minnow, Gamhusia 
holbrooki Grd. Geiser (1911^ showed for 
this species that the rate of mortality 
during a short period of observation was 
higher for the males than for the females. 

Passing to the insects, one finds that 
in these forms also the males probably 
have a shorter duration of life. Inci- 
dentally while reports on a fairly large 
number of species have been made with 
reference to the relative death rate of the 
two sexes the samples on which they are 
based are really too small to give reliable 
results. 

There are extensive observations, how- 
ever, concerning the codling moth (Carpo- 
capsa pomonella^ and the fruit-fly (Droso- 
phila melanogasUf). For the former, the 
tabulations that MacArthur and Baillie 
(1931) have made of the data published 
under the auspices of the U. S. Department 
of Agriculture for many years point to a 
shorter mean duration of imaginal life in 
the male. The same is true for Drosophila 
according to the experiments recorded by 
Pearl (1918). Pearl’s analysis which uti- 
lizes the actuarial technique indicates 
that under all conditions of laboratory 
experimentation the females survive longer 
than the males. 

In sum, from this brief and necessarily 
fragmentary review of the available and 
reliable data on the subject, it appears 
that a lower resistance of the male to the 
processes leading to death is not peculiar 
only to man, but is found in other ani- 
mals as well. To explain this phenome- 
non so general in nature a number of 
hypotheses have been introduced such as 
that it is due to the existence of a sex- 
linked recessive factor, a sex-limited factor 
or to differences in metabolism. None 


of these theories is satisfactory either be- 
cause there are too many discrepancies be- 
tween facts and theory or else the sup- 
porting evidence is not probative. 

When one examines soberly the phenom- 
enon under consideration and the in- 
quiries which have been made to determine 
its causes, it will be immediately apparent 
that one of the most obvious elements of 
the problem of mortality has been over- 
looked. This is, that there are many 
ways of dying as Pearl (1911) emphasizes, 
quoting well from Seneca: — nascimus uno 
modo multis moriur. More than one of 
the organs and organ-systems of the body 
can break down and cause death and until 
the characteristics of those processes that 
cause death of the males and of the females 
are adequately known it seems rather idle 
to speculate regarding the factors re- 
sponsible for the apparent inferior survival 
value of the male. The importance and 
relevance of this point will become clear, 
it is hoped, in the survey here presented of 
the causes of death of men and women of 
the United States, particularly. 

PRENATAL MORTALITY 

It has long been established that in man 
as well as in some other animals (vide 
supra') foetal mortality is higher in the 
male. The preponderance of male deaths 
is, for man at least, greatest during the 
early period of uterogestation and de- 
creases with duration of pregnancy. This 
phenomenon is well illustrated by the 
following tabulation made by Ciocco 
(1938b) of the stillbirths and abortions 
reported from 1915 to 1934 in a selected 
birth registration area of the United 
States. In Table 1 the sex ratio (num- 
ber of males per 1000 females) has been 
included in homage to a time-honored 
custom. Actually the statistical analy- 
sis has been based on the masculinity 
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preferable from many standpoints. 

During the years from 1915 to 1934, 

there were more than 180,000 stillbirths 

and abortions of recognited sex registered 

in the selected area of the United States. 

Of these, 57.1 percent were males, giving a 

sex ratio of 1330.3. The proportion of 

males decreases rapidly from the second 

month to the fifth, then the decline is 


TABLE X 

Masculinity raft and six ratio of stillbirths that wtrs 
rogitttrod bctwtsn 192s and 2994 in a stUettd ana 
of tbs Unitid Statss. Classified according to period 
of uterogpstation 


(From Gocco, 1938 b.) 


pimxoD or 
ITTSSOOlSTAnON 
{in m$ntk$) 

MASCU- 

LINITY 

EATS 

SIX 

XATXO 

SIX msec 

Snmitf 

KUnZXD 

ptrttm 

Under 1 

69.5 

ix8o.o 

81 

10. 1 

1 

81.1 

4}»>-3 

563 

17.8 

3 

78.3 

3610.0 

1388 

63.x 

4 

66.8 

1011. 1 

6401 

89. J 

5 

38.3 

IJ96.I 

1x541 

97-4 

6 

551 

iJ-1-7-4 

17857 

99.0 

7 

52-7 

1114.0 

X3IO9 

99-4 

8 

55-5 

IM7-5 

X8903 

99.6 

9 

57-4 

*348 -9 

6893X 

99.8 

10 and over 

57*1 

1331.8 

x 67 i 

99.6 

All stillbirths in- 
cluding those of 
unknown period 

57*1 

1330-3 

GO 

M 

00 

M 

96.9 


gradual until a minimum is reached at 7 
months. Thereafter there is a slight in- 
crease. The monthly variation demon- 
strated in this table is apparently not a 
random fluctuation of the sex ratio for the 
total because the Lexis coefficient indi- 
cates that the standard deviation of the 
monthly fluctuations of the masculinity 
rates is more than ten times the standard 
deviation of the masculinity rate of the 
total. 

The trend of the sex ratio by month of 


uterogestation as observed here is in good 
agreement with that reported by Auer- 
bach (1911) on stillbirths and abortions 
in Budapest, and by Tschuprow (1915) 
on those of Budapest, Vienna and Paris. 
Schultz (19x1), who has discussed this 
question in detail, believes that the high 
masculinity noted in the early months of 
uterogestation as deduced from official 
vital statistics is probably exaggerated due 
to error in recognizing the sex of the foetus 
in the early stages of intrauterine life. 
In his collection of over 1400 foetuses 
deriving in the majority from spontaneous 
abortions he found the sex ratio equal to 
ixio in the third month, 1175 in the 
fourth, 1096 in the fifth, 875 in the sixth, 
1085 in the seventh, 1333 in the eighth and 
1676 in the ninth and tenth months. 
For the months preceding the seventh, 
these figures are markedly below those 
shown in Table x. A glance at that table, 
which also gives for each month the 
percentage of stillbirths in which sex was 
recognized, clearly indicates the difficulty 
encountered in sexing the individual and 
emphasizes, in agreement with Schultz, 
that the sex ratio in the early months of 
uterogestation is open to doubt. How- 
ever, it is the opinion of most students, 
including Schultz, that among the ante- 
natal deaths masculinity is at a minimum 
from the 5 th to the 7th month and higher 
in the preceding and subsequent periods. 
A dissenter from the consensus of opinion is 
Boldrini (1930), who notes that among the 
very young embryos collected in the Car- 
negie Institution and described by Streeter 
(19x0) and by Spaulding (19x1), there arc 
more females than males. Assuming that 
the collection of these two observers is a 
random sample of abortions he concludes 
that actually more females than males die 
in the very early periods of pregnancy, 
and that the difference is such that it more 
than balances the subsequent relative 
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higher masculine mortality. Or, in other 
words, Boldrini accepts the concept of 
modern genetics that the probability of 
conception is equal for males and females, 
and believes that the preponderance of 
males at birth is a consequence of the 
relatively high female mortality which 
takes place in the first two months of 
pregnancy and which is never balanced by 
the later excess of deaths among the males. 
Boldrini 's tentative conclusion is con- 
siderably weakened by the fact that a 
study by Wilson (1916), also on material 
collected in the Carnegie Institution, re- 
veals that histological examination of the 
embryo is often in disagreement with the 
diagnosis of sex made by external examina- 
tion. A considerable margin of error in 
the sexing is noted especially for embryos 
already labelled females and which his 
observations revealed to be males. In 
view of this, the basic evidence from 
which Boldrini draws his conclusions is 
not absolutely reliable. However, as has 
been pointed out (Ciocco, 1938a) some such 
conclusion is necessary in order to explain 
the sex ratio if it is true that the same 
number of males and females are conceived. 
No other facts have ever been presented to 
substantiate a theory based on a prepon- 
derant female mortality in the early period 
of uterogestation and even if it is assumed 
that the official vital statistics of intrau- 
terine deaths up to the fourth month of 
uterogestation are grossly erroneous and 
unreliable relative to sex, there seems to 
be no doubt that from the fifth to the 
seventh month there is a decline in the 
masculinity rate and that the monthly 
fluctuations of the masculinity rates from 
the fifth to the tenth month are greater 
than would be expected if chance alone 
were operating. All of this expresses the 
fact that the pattern of the duration of 
intrauterine existence is different among 
stillbirths of the two sexes. 


Of the factors that contribute to a dif- 
ferent behavior of the two sexes with 
respect both to the frequency of intraute- 
rine mortality and its pattern relative to 
duration of uterogestation, those included 
in the list of the causes of stillbirth are 
the ones which to a certain degree should 
throw some light on the significance of 
these observations. Any such expecta- 
tion, however, has limitations, since the 
official list of the causes of stillbirths 
actually is concerned more with the 
environmental factor, in this case the 
mother, than with the pathologic state 
of the foetus. Moreover, for over 15 
percent of the stillbirths in this sample the 
causes were not specified or were un- 
known. Omitting them and limiting the 
observations here only to the major cate- 
gories of stated causes, and truly to those 
for which the sample is sufficiently large, 
the results shown in Table 3 are obtained. 

Table 3 presents the masculinity rates 
of the stillbirths according to the more 
important major categories of causes of 
foetal deaths as observed, and when cor- 
rection is made for the time of uterogesta- 
tion when the foetus was expelled. This 
correction is necessary because it has been 
shown (Ciocco, 1938b) that the differences 
in the distribution of the male and female 
stillbirths in general exist independently 
of the causes of death. The correction 
has been applied by making the distribu- 
tion of the time of foetal expulsion for the 
deaths from each cause equal to that found 
for all deaths. 

From the uncorrected data of Table 3, it 
appears that masculinity is lowest for 
Malformations; in particular for Spina 
bifida for which the sex ratio is 560 and 
**Other" malformations with a sex ratio 
of 624, while for Hydrocephalus, the sex 
ratio equals 1108. Among the important 
causes the highest sex ratio occurs in still- 
births due to Difficult labor — it reaches a 
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ffiaximuiii of 1x59 for stillbirths accom- 
panying Version. When the usual statis- 
tical procedure is applied to determine 
whether the fluctuations of masculinity 
rates for each cause category can be re- 
garded as chance deviations from the 
masculinity rate for all causes, it is found 
that the masculinity rates for Malforma- 

TABLE 3 


Oudt and cematd masculinity ratts for tbo mort important 
cattgorits of causts of foetal mortality 
(Adapted from Gocco, 1938 b.) 



ICASCUUNITY RATE 


CATEGORY Of CAUSES 

Cnide 

Coffocted 

for 

differeooet 
in ttcero- 
fctucioo 
doradoo 

NUMBER 
Of STILL- 
BIRTHS 

Malformations 

41.8 

4^-7 

9 ,x6l 

Albuminuria and other 
diseases incident to 
pregnancy 

53-9 

54.8 

11,031 

Death in utero 

56.7 

56.8 

6,969 

General diseases 

57.0 

56.9 


Diseases of the placenta 
and membranes 

57-1 

57 . 5 - 

18,144 

Asphyxia of child (cause 
not stated) 

00 

M 

00 

M 

6 . 49 $ 

Prolapse and compression 
of cord 

58.1 

58.1 

16,756 

Malpresentation 

58.8 

59-1 

8,357 

Abortion, miscarriage, 
premature birth 

59-3 

JJ.8 

IL,040 

Traumatism and over- 
work 

59.6 

58.3 

5,116 

Difficult labor 

61.7 

61.0 

i 5»735 

All specified causes 

56.9 

se.i 

1V9334 


tions and Albuminuria of al, are signifi- 
cantly lower than that for the total of all 
causes. The first category includes Hy- 
drocephalus, Spina bifida and ‘‘Other” 
malformations. For all these subdivi- 
sions the masculinity rate is significantly 
lower than that of all causes. The same 
is true for stillbirths due to Albuminuria, 
Toxaemia and Eclampsia, subdivisions of 
the Albuminuria et al. category, but it is 


not true for stillbirths due to Nephritis 
which are also included under this general 
heading. The major categories of causes 
of stillbirths which have a masculinity 
rate significantly above that of the total are 
Abortions et al. (but not the subdivision 
‘‘Other premature”). Prolapse and com- 
pression of cord (true only for Prolapse), 
Malpresentation, Traumatism and over- 
work (excluding blow, fall, shock and 
overwork) and Difficult labor. The last 
class includes stillbirths associated with 
Deformed pelvis. Instrumental delivery. 
Version and “Other”; for all of these the 
masculinity is significantly high compared 
to that of the total. 

When the correction is applied the rank 
of the masculinity of the several causes 
remains about the same with but the one 
notable exception due to the considerable 
drop of the masculinity rate of Abortions 
et ah This has occurred because the 
weighting used in the correction has re- 
duced considerably the effect of the high 
masculinity of those who died at 4 months 
and under and who constitute a consider- 
able bulk of the stillborn listed in this 
group. It appears then that, duration of 
uterogestation being made uniform, the 
masculinity of stillbirths and abortions 
varies with respect to the major groups of 
causes of stillbirth in the following 
manner: 

I. Masculinity is the lowest for still- 
births said to be due to Malformations. 
In fact more females than males are among 
the stillbirths included in this group of 
causes and consequently the masculinity 
for this group of 41.7 is far below that of 
the live births, which was 51.4 for the 
United States in the same period. 

1. Stillbirths included in the Albumi- 
nuria group have a masculinity rate of 54.8 
which is slightly higher than that for live 
births but lower than the stillbirth mascu- 
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linity rate from all causes in this selected 
area. 

3. The masculinity rates of stillbirths 
apparently due to general diseases such as 
Syphilis, Diseases of placenta and mem- 
branes, Asphyxia of child (cause not 
stated) and to Traumatism and overwork 
or those included under the category of 
Death in utero and Abortions (“Other pre- 
mature”) do not differ significantly from 
the masculinity rate of the stillbirths from 
all causes. The same is probably true of 
stillbirths due to Prolapse and compression 
of cord. The masculinity for this group 
of causes, ^t will be noted, is remarkably 
close to that for Asphyxia (cause not 
stated). These two categories presumably 
produce foetal death in a similar manner. 

4. The two groups of causes of still- 
births associated with parturition — Mal- 
presentation and Difficult labor — have 
definitely the highest masculinity rates. 
In the latter group are included practically 
twice as many males as females, the mascu- 
linity rate being equal to 61.0. 

The outstanding characteristics of the 
pattern of male and female foetal mortality 
derived from the above statistics arc found 
also in the data that Bundesen and his 
associates have collected on stillbirth mor- 
tality. In an elaborate investigation 
which is rather unique for its thorough- 
ness, Bundesen efal. (1937) have performed 
post-mortem examinations routinely on as 
many stillbirths as possible in the Chicago 
area. Their findings in relation to the sex 
of the deaths have not been published as 
yet but through the courtesy of Dr. Bunde- 
sen, to whom this writer wishes here to 
express his thanks, the needed information 
has been made available for this paper. 
During the years 1936 and 1937 Bundesen 
et al. performed satisfactory postmortem 
examinations on close to 1000 stillbirths. 
In Table 4 are given the masculinity rates 
in relation to the major classes of patho- 
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logic diagnoses as grouped by these in- 
vestigators. 

It is to be noted first of all that of the 
total 985 stillbirths examined 514 are 
males giving a masculinity rate of 53.20. 
This is lower than that found for the total 
registration area, but much higher than 
the masculinity rate for live births . From 
the standpoint of this study, the most 
important finding is that the lowest mas- 
culinity rate is associated with deaths due 
to malformations and tumors, while the 
highest occurs in the hemorrhage and 
injuries group. Of great interest is the 
category that includes stillbirths where no 

TABLE 4 

Causes of death in male and female stillbirths. Results 
of satisfactory autopsies made on an unseheted sample 
of foetal deaths occurrini in Chicago in ig $6 and iggj 
(Data supplied by H. N. Bundesen.) 


CAUSE or DEATH 

NUlfBEE 
OF STILIr 
BIETH 8 

1 CA 8 CU- 

UNITY 

EATS 

Malformations and tumors 

97 

41.1 

Infections 

32- 

46.9 

No pathologic lesion 

480 

53.8 

Asphyxia 

2-13 

$ 5-9 

Hemorrhage and injuries 

163 

56.4 

All deaths 

985 

53 >- 


organic lesion could be found at autopsy. 
In this category, it will be noted, fall 
almost one-half of all the stillbirths. The 
question arises; do these represent “bad 
eggs,” that is constitutionally defective 
individuals? Does the fact that for this 
group the masculinity rate equals the rate 
of all the stillbirths have any significant 
bearing upon the riddle of the sex ratio at 
conception? To pursue this aspect of the 
problem in more detail would take us too 
far afield, but it is to be emphasized that 
when an experienced observer is unable to 
find any visible organic reason for the 
death of about one-half of the stillbirths 
one is justified in assuming that for these 



68 


THE QUARTERLY REVIEfV OF BIOLOGY 


deaths the tonstitutional factor is highly 
important. 

ilic main conclusion to be driwn from 
these data is that when stillbirths are 
grouped according to the presumed cause 
of death there is a significant variation in 
the sex ratio of deaths from each cause. 
Females predominate when the foetal 
mortality is essentially the result of defec- 
tive embryonic development, a part of 
which cases certainly rests biologically 
upon defects in genetic constitution. On 
the other hand, masculinity is high when 
either the placental structure is faulty or 
is inadequate to safeguard the foetus from 
toxic elements transmitted by the mother. 
Finally, masculinity is highest when still 
births result from a combination of envi- 
ronmental factors, among which the rela- 
tive size of the foetus in proportion to that 
of the birth canal is very important. 
These facts do not appear to support the 
general assumption that the male is inher- 
ently weaker and certainly cannot be used 
to bolster Lena's (1931) views that there 
is in the high masculinity of stillbirths 
evidence of the action of a lethal gene. 
Riddle's (1917) theory that the phenome- 
non is a consequence of maladaptation of 
the male embryo to the female environ- 
ment is not contradicted by these findings. 
However, on the basis of the observations 
alone it would seem safer to say with 
Pfaundlcr (1936) that this phenomenon is 
the effect of both genetic and environmen- 
tal factors, particularly when it is con- 
sidered that the preponderance of males 
among stillbirths resulting from defective 
placental structure or from trauma at labor 
may well be regarded as the consequence 
of the difference in the rate of physical 
development between the two sexes. 

P08i:-NATAL MOXTALITT 

The clinically recognizable conditions 
that can bring about the death of an indi- 


vidual are many. Over two hundred are 
listed in the International Classification 
alone, and it is on the basis of this list 
that ofiicial vital statistics are prepared. 
For the purpose of this study, a regrouping 
of the causes of death presented in the 
official reports will be made so as to bring 
together all the fatal entities which cause 
death because of the functional break- 
down of a particular organ-system. Such 
a grouping is embodied in the procedure 
developed by Pearl (1910) who set up the 
following classification: 

I. Circulatory system, blood, and 
blood-forming organs. 

II. Respiratory system. 

III. Primary and secondary sex organs. 

IV. Kidneys and related excretory 

organs. 

V. Skeletal and muscular systems. 

VI. Alimentary tract and associated 

organs concerned in me- 
tabolism. 

VII. Nervous system and sense organs. 

VIII. Skin. 

IX. Endocrinal system. 

X. All other causes of death. 

With some modification this classifica- 
tion will be employed here to illustrate, 
on the basis of the 1930 mortality of the 
white population of the United States, the 
degree and direction of the differences 
between the sexes. The modifications 
concern the items Premature birth and 
Injury at birth, both of which Pearl in- 
cludes in class III and are here considered 
apart; and the item Violent and accidental 
deaths which is here discussed separately 
from category X of Pearl's classification. 

With the exception of class III for each 
of the biological groups of death causes 
listed above the sex differences in the rate 
of mortality have been computed and are 
shown in Table 5 . The rates are based on 
the number of deaths per 100,000 males 
or females exposed to the risk of dying in 
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1930. For reasons which need not be gone 
into here the number of exposed to risk 
used in these computations is composed of 
(a) the white population of age i year and 
above as eniunerated by the census of 1930, 
and (b) the number of white births of that 
year in the registration states. 

The deaths due to a breakdown of the 
primary and secondary sex organs have 
been omitted because with two exceptions 
they include causes that concern respec- 
tively either the males or the females only. 
Obviously for these organs peculiar to the 


cess male mortality. From Table 5 , when 
all the listed causes of death are con- 
sidered, it is seen that 7 of the 8 groups 
exhibit a higher male mortality and only 
one — endocrinal system — has a superior 
female mortality. It is seen, moreover, 
that the deaths due to a break-down of the 
circulatory system contribute most to the 
excess male mortality, followed in order 
by the deaths referring to the respiratory 
system and to the nervous system and 
sense organs. Least of all is the higher 
male rate augmented by deaths from the 


TABLE 5 

Stx diffmmtJ in tb% tatts mortality Cper 100,000) from tbt stvtral biological groups of causa of death (excluding 
primary and secondary sex organs'). White populations of the United States Kegistration Area^ ipjo 


OKOAM-gySTEM 

INCLODINO ALL LISTED 
CAUSES 01 DEATH 

XNCLUDINO ONLY MAJOR* 
LISTED CAUSES Of DEATH 

Ntnnber of 
deiith cauKS 

Differences 
in rates** 

Number of 
death causes 

Differences 
in rates** 

Qrculatory, blood 

35 

+ 50.1. 

15 

+47.8 

Respiratory 


+ 34 -J- 

II 

+J1.0 

Nervous, sense organs 

18 

+ 33-5 

M 

+} 3'0 

Alimentary tract 

37 

+15.6 

17 

+M -7 

Kidney and excretory 

1 

4-8.9 

6 

4-6.9 

Skin 

II 

4-1.9 

i 

4-1.4 

Skeletal, muscular 

11 

4-0.5 

z 

-0.8 

Endocrinal 

7 

-X3.0 

z 

-II. 4 


* Cause of death of at least 1000 males or females, respectively, during 1930. 
** + indicates rate higher in males, — indicates rate higher in females. 


male sex, the prostate for example, the 
mortality is restricted to the males; while, 
for diseases involving the ovaries and 
uterus the mortality is all attributed to 
the female sex which also dies from unique 
conditions such as other puerperal hemor- 
rhage, abortions, puerperal septicemia and 
pyemia. Altogether for this group of 
causes the females have the higher mor- 
tality rate, exceeding that of the males 
by 44.6 per 100,000. 

The findings presented in Table 5 indi- 
cate for what group there is an excess of 
male deaths and therefore how much each 
organ S}r8tem contributes to the total ex- 


break-down of the skeletal and muscular 
systems. The order of these dificrences, it 
should be noted, is practically the same 
as that of the frequency of the several 
groups of causes of death. A break-down 
of the circulatory system is responsible for 
the highest number of deaths and it con- 
tributes most to the excess male mortality, 
while deaths from a break-down of the 
skin, sleletal and muscular systems are 
relatively few and for these the differences 
between the mortality of the males and 
females are small. The outstanding fact 
to emerge from this tabulation is the re- 
versal of the usual higher male mortality 
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in the case of deaths due to a break-down 
of the endocrinal system. Therefore, as 
has been seen relative to pre-natal deaths, 
there are conditions for which the females 
and not the males manifest the higher 
mortality. In view of this, the question 
may be raised whether within each group 
there are only certain specific causes of 
death for which the males exhibit a higher 
mortality or whether this is true for all 
causes. In order to arrive at a definite 
answer to this question it is necessary to 
limit the inquiry to those causes of death 
involving an adequate number of persons. 
When the investigation on this point is 
limited to those causes of death stated to 
be responsible at least for either a thousand 
male or else one thousand female deaths 
during 1930, the net changes in the pattern 
of the sex differences are seen in the last 
two columns of Table 5 . The total num- 
ber of causes of death to be examined is 
reduced by almost one-third from 164 to 
69 but for each group of causes the amount 
of the difference between the male and 
female mortality rates remains about the 
same. The omission of twenty death 
causes listed in the circulatory, etc. class 
reduces the higher male mortality by only 
1.4 per 100,000. Similarly, although by 
this means of selection the number of 
causes of death included in class VIII 
(Nervous system, etc.) is lowered by one- 
half to 14, yet the total male excess is 
only reduced from 33.5 per 100,000 to 33 .0. 
The only remarkable change produced by 
the selection of the major causes of death 
regards the deaths due to a break-down of 
the skeletal and muscular systems. For 
these, only i out of the 11 causes included 
have brought about the death of either a 
thousand males or females and the latter 
predominate in both instances. 

The differences between the male and 
female mortality rates for the specific 
major (as defined) causes of death induded 


in each of the eight groups have been 
tabulated and are shown in Tabic 6* It 
is 8^ from this table that tlm males have 
a higher death rate from 31 of the 69 causes 
listed, 76 percent, while the females have 
the greater mortality from 17 of the causes. 
Incidentally, if all the causes of death had 
been included it would have been found 
that the males have a higher death rate 
from 74 percent of the causes. From 
Table 6 it is also to be observed that for 31, 
or almost one-third of the listed death 
causes, the difference between the male and 
the female rate is equal to less than one 
per 100,000. These findings would indi- 
cate then that the higher mortality of the 
males is not general but limited to certain 
causes of death only. 

If a difference in rates equal to or greater 
than I per 100,000 is taken as representing 
an important deviation of the mortality 
in favor of one or the other sex, it is seen 
that for 31 major causes of death the males 
show such an excess, while for 6 the fe- 
males exhibit the same degree of higher 
mortality. Considering the causes of 
death for which there is an excess of male 
deaths. Table 6 shows that 9 are included 
in the group of circulatory diseases. In 
order of male excess, these 9 causes of 
death are: angina pectoris, chronic myo- 
carditis, other unspecified diseases of the 
heart, diseases of the coronary arteries, 
arteriosclerosis, other myocarditis, endo- 
carditis specified chronic and other valvu- 
lar diseases, congenital malformations of 
the heart and aneurysms. This list is very 
interesting both for its omissions and in- 
clusions. It includes all except one of the 
death causes in which the main pathology 
lies in the arteries, it includes two of the 
four listed causes in which the diagnosis 
specifically implies a break-down of the 
myocardial layer, but it includes only one 
of the four items that are based on a diag- 
nosis of a primary defect of the endo- 
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cardium. The importance of the break- 
down of the arteries and myocardium so 
far as the greater male mortality is con- 
cerned is better realized when one con- 
siders that the excess of the male rates for 


cific major causes listed in the respiratory 
group and for which the male mortality 
is higher than the female by i per 100,000 
are, in order: lobar pneumonia, tuberculo- 
sis of the respiratory tract, broncho- 


TABLE 6 
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diseases of the arteries and myocardium 
constitutes 71 percent of the total excess 
of the male mortality from diseases of the 
circulatory system and if the cause ‘‘Other 
unspecified diseases of the heart" is added, 
as it probably should be, then the per- 
centage rises to 87 percent. The six spe- 


pneumonia, cancer of the respiratory tract, 
other respiratory diseases, influenza, and 
respiratory diseases complications speci- 
fied. Interest in this list centers about 
two facts: First, all the forms of pneu- 
monia except one are listed here. In the 
second place cancer and tuberculosis of the 
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respiratory tract arc both listed here al- 
though they arc diflferent in their inci- 
dence, particularly with respect to age 
range. In sum, in this list we find only, or 
practically only, and almost all the causes 
that involve a break-down of the lung 
tissue proper. 

The five listed causes of death for which 
the males have higher death-rates than the 
females in the nervous system group are, 
in order: suicide, alcoholism, general pare- 
sis, epidemic cerebrospinal meningitis and 
tabes. These five causes of death are 
notable because they give some indication 
of one of the important causes of the dif- 
ferences in the male and female mortality. 
This is, that the males and females lead 
a different kind of life. Thus alcoholism 
and suicide might in a very broad fashion 
be regarded as different aspects of the same 
phenomenon related with the personality 
reaction to the social environment. The 
stress and strain of social actions is defi- 
nitely greater for the males than for the 
females and the differences in mortality 
relative to alcoholism and suicide might be 
explained on that basis. Similarly, one 
notes that tabes and general paresis and 
epidemic cerebrospinal meningitis are all 
diseases of an infectious nature and for 
which the exposure is certainly higher in 
the males. How much this is responsible 
for the higher male mortality remains, 
however, to be seen. 

The solitary cause of death with a 
markedly higher male mortality included 
in the skin group, is cancer of the skin. 
Except that it is higher in certain occu- 
pational categories of persons the etiology 
of this type as of other types of cancer is 
unknown. Obviously, the question here 
is whether the whole difference in the rates 
of males and females is not due to the fact 
that occupations which involve exposure 
to sun, tars, etc. are statistically speaking 
male occupations. 


Among the causes of death included in 
Class IV (kidney, etc.), there are three for 
which the male rate is greater than the 
female rate by i per 100,000 or more. 
These arc: chronic nephritis, cancer of the 
bladder and nephritis, nephritis unspeci- 
fied (10 years and over). The excess of 
males among deaths due to nephritic dis- 
ease is to be expected due to the higher 
incidence of the so-called degenerative 
forms of heart disease. In the group of 
kidney diseases, is included one of the 19 
causes of death for which the death rates 
of the females are higher than those of the 
males. This is puerperal albuminuria and 
eclampsia which may be regarded as the 
indication of an inferior organization of 
the kidneys that becomes manifest 
through the process of pregnancy. 

There are eight specific causes of death 
in the class of diseases of the alimentary 
tract for which the males demonstrate a 
higher mortality rate than the females by 
at least i per 100,000. These eight causes 
of death are a heterogeneous' lot consisting 
of, in order: appendicitis, cancer of the 
buccal cavity, diarrhea and enteritis (un- 
der 2. years of age), ulcer of the stomach, 
cirrhosis of the liver, cancer of the diges- 
tive tract, ulcer of the duodenum and 
typhoid fever. In this list one notes two 
diseases in which the chances of infection 
arc important — diarrhea and enteritis (un- 
der z years of age) and typhoid fever. 
There arc three causes of death represent- 
ing unknown etiology, namely cancer of 
the buccal cavity, of the digestive tract, 
and cirrhosis of the liver; two diseases in 
which the unknown etiology is associated 
with psychosomatic changes, namely 
ulcers of the stomach and duodenum; and 
finally, appendicitis about which neglect 
of symptoms is probably the main factor 
responsible for fatal consequences. 

As is shown in Table 6, there are three 
causes of death in this group for which the 
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females show a higher mortality than the 
males . These are : pellagra, other diseases 
of the gall-bladder and biliary calculi. 
The first is a nutritional deficiency disease, 
the second and third are probably asso- 
ciated with the peculiar anatomic struc- 
ture of the female. The females prevail 
also in the case of deaths due to endocrine 
diseases. In this category the two causes 
of death for which the difference between 
the mortality rates of the males and fe- 
males is greater than i per 100,000 are 
diabetes and “other diseases of the thy- 
roid.” The females, as seen, have a 
higher mortality rate from both of these 
causes. 

Summing up this examination of the sex 
differences in mortality rate according to 
the biological classification of causes of 
death and in relation to the specific causes 
as listed in the official statistics the find- 
ings that stand out are: 

I. The mortality of the males is higher 
than the females for the causes of death 
involving primarily the myocardial layer 
of the heart, the arteries, and the lungs. 

X. To the higher mortality of the males 
contribute the deaths due to conditions 


in which is important the reaction to 
social environment (alcoholism, suicide, 
stomach and duodenal ulcers); occupation 
(skin cancer); and exposure to risk of 
infection (neurosyphilis, epidemic cere- 
brospinal meningitis, pneumonia, and 
influenza). 

3. On the other hand, the females show 
a higher mortality than the males as 
expected from diseases associated with 
pregnancy and primarily from diseases 
involving the endocrine system. 

Thus the differences between the males 
and females relative to mortality may be 
summarized to say that the former exhibit 
a higher mortality from diseases among 
which the so-called chronic degenerative 
pathological processes predominate and 
from diseases which might be attributed 
to the social function of the sex, while the 
females compared to the males show a 
higher mortality in relation to conditions 
related to the function of reproduction and 
in addition manifest striking susceptibility 
to causes directly or indirectly deriving 
from a break-down of the endocrine 
system. 

(To be concluded) 
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species of sharks and rays. The conclu- 
sions confirm the criticism of Hertwig*s 
theory made by Jacobshagen in 1913 
(Placoidorgane uni SelachurzAhne^ Heidel- 
berg, The bibliography includes 19 
titles. 



GENETICS 

An Introduction to Genetics. 

By A, H, Sturtevant and G, W, Beadle. 
W. B. Saunders Co.^ Philadelphia and 
London. $3.15. 7I x 5I; 391 + i fold- 
ing chart; 1939. 

In this scholarly work, the authors have 
hit a new trend in pedagogy. They have 
developed a course in the ever-growing 
field or genetics which follows a logical 
rather than a historical approach to the 
subject. Stress is constantly placed upon 
the fact that genetics is a quantitative 
science, depenaing largely upon mathe- 
matical analysis and interpretation for its 
fundamental basis. 

The text is written as an introduction 
to the field, and hence is to be used by 
students who are coming into contact 
with genetics for the first time in their 
lives. From this point of view, it is 
the reviewer’s opinion that there is much 
that is too theoretical and technical for 
the beginning student to grasp, even 
though he may have a fair background in 
general biology. The problems at the 
end of each enapeer will undoubtedly be 
an aid in teaching the course, but one 
wonders whether it would not be better, 
from the student’s point of view, if some 
of the problems dealt with some actual 
simple mating problems in Drosophila^ 
rather than having all of them confined 
to technical and mathematical phenomena 
encountered in theoretical genetics. 

The subject matter is intended to deal 
with the general subject of genetics, but 
one finds that the space allotted to plants 
and to animals other than Drosophila is 
quite small. Hence the volume may be 
described as an excellent treatise on the 
theory and mathematics of the technical 
genetics of Drosophila. 


The Genetics of Cotton. 

By Sydney C. Harland. Jonathan Cape^ 

London. los. 6d. net. 8f x 5!; 193; 

This^^ook is written primarily for genet- 
icists. It will also be of interest to 
growers developing new tvpes of cotton, 
since it covers rather completely the work 
done in cotton genetics up to 1937. A 
fair knowledge of botany and a good 
knowledge of genetics is required of the 
reader. Ilie inclusion of illustrations of 
the phenotypic characters analyzed would 
be of aid to the student of heredity pos- 
sessing a limited botanical background. 

The subject matter is divided into three 
main sections and several minor one^. 
The former are: taxonomy, cytology, and 
genetics. The latter are: linkage, muta- 
tions, hybridization, polyploidy and hap- 
loidy, comparative genetics, and evolu- 
tionary history. The portion of the 
book dealing with genetics is especially 
fine and the outline method used makes 
for ready reference to anv factor treated. 
The gene symbolism employed is at times 
obscure but a reading of the p^r. Gene 
Symbols for Use in Cotton Genetics^ (Hutchin- 
son and Silow, Jour, of Heredity ^ 30 : 461; 
1939) by members of Harland’s own lab- 
oratory will aid the reader. The bibli- 
ography contains 109 titles. The table 
of contents and the index are well pre- 
pared. 



Experiments in Breeding Holstein-Frie- 
siAN Cattle for Milk- and Butterfat- 
Producing Ability, and an Analysis 
OF THE Foundation Cows and of the 
First Outbred Generation. U. S. De- 
partment of Agriculture. Technical Bulletin 
No. 677. 

By M. H. Fohrman and R. R. Graves. 

Government Printing Office^ Washington. 

15 ccats. qJ X 5i; 8i; 1939 (papeO- 
It was found in 1918 that among dairy- 
cattle breeders about two-thirds of the 
cattle were failing to return a profit to 
their keqpers. As a result the Bureau of 
Animal Industry set up a carefully con- 
trolled experiment to afford dairy farmers 
a better understanding of the laws of 
inheritance as they apply to milk and 
butterfat production. 
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Forty-one foundation cows were bred 
to a single sire. Detailed reproduction 
records are £iven, and also milk and 
butterfat production of dams and daugh- 
ters. Analysis shows that the sire had an 
inheritance for a level of production below 
that of the three highest-producing dams, 
but better than that of the lower-pro- 
ducing dams. There is a high correlation 
between production of dams and daugh- 
ters, although the daughters show less 
variability. Final determination of the 
influence which this sire had on the germ 
plasm of the offspring will depend upon 
analysis of procfuction records of the 
second generation. 



An Introduction to Modern Genetics. 

By C. H, Waddington. The Macmillan 
New York. $4.00. 8i x 5!; 441; 

1939- 

This excellent text on genetics is unusual 
in that it proceeds beyond the fundamental 
Mendclian concepts and the experimental 
techniques centeriag about the behavior 
and mechanics of chromosomes at which 
point the average text stops. The author 
then applies genetics to wider problems — 
development, evolution, animal and plant 
breeding, and human affairs. Finally, 
there is a discussion of the nature of the 
gene. A section on laboratory methods 
for class work on Drosophila is appended 
to the text. There are two indices — the 
first by bibliography and author, and the 
secona by subject. The book is amply 
illustrated with charts, diagrams, photo- 
graphs and drawings. 



GENERAL BIOLOGY 

The Organism. A Holistic Approach to 
Biology Derived from Pathological Data in 
Man. 

By Kurt Goldstein. American Book Co., 
New York. $4.00. 7^x5!; xvii + 

533; 1939- , . , , ^ 

This is a translation from the German 
original, published in 1934, but with some 
changes in the arrangement and a number 
of additions and omissions. Principally 
a critical discussion of method, the author 


nevertheless brings in a wealth of illustra- 
tive material (to a large extent his own 
work on patients afflicted with mental 
derangements or brain abnormalities, al- 
though the work of others is by no means 
neglected) “essentially supposed to dem- 
onstrate over and over again that method 
as well as theory must originate from nothing 
but the most concrete evidence.** His point 
of departure is man “primarily because he 
has found no concept more problematic 
than the concept of simplicity.** 

Even in the analysis of human behavior, the attempt 
to reduce the more 'complex' performances to the 
'simpler' ones has met with the greatest difficulties. 
Very often, the 'simpler' performances have been 
found to be abstractions, and the events which the 
latter aim to explain turn out to be 'simple' only in 
the presence of a specific, habitual, technical attitude 
of abstraction. At closer range, however, the 
'simple' phenomena have been found to be much more 
obscure. . . . Such difficulties make one suspicious 
of attempts to differentiate between 'higher' and 
'lower' animals, or to understand the 'higher' in 
terms of the 'lower.' 

In the several chapters the author dis- 
cusses such matters, among others, as 
normal (‘ordered*) behavior and ‘dis- 
ordered* behavior, the nervous system, 
modification of function due to impair- 
ment of the organism, the nature of par- 
titive processes (reflexes, instincts, 
‘drives*), conception of the organism as a 
whole, the nature of biological knowl- 
edge, and norm, health and disease (in- 
cluding anomaly, heredity, and breeding). 

The book is worth study by the biolo- 
gist, physician, psychologist — in fact all 
those interested in the study of the nature 
and behavior of the living organism. 
Bibliographies are provided for the sep- 
arate chapters, and there is an index. 



Bid-Ecology. 

By Frederic E. Clements and Victor E. SheU 
ford. John Wiley and Sons^ New York. 
$4.50. 9X 5i; vi + 4x5; 1939. 

Many criticisms have been leveled at 
ecologists and the science of ecology for 
falling into the pitfalls of all new dis- 
ciplines. This, of course, is to be ex- 
pected, but the most serious fault is that 
to a considerable extent it still continues 
in this direction with but little attempt 
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to rectify the errors which have variously 
been accredited to “careless observation 
and experimentation”, “lack of intellec- 
tual focus”, etc. Animal and plant 
ecology have become so separated that 
one might think that plants and animals 
have no . influence one upon the other. 
The definition and numbers of ecological 
“concepts” have reached meaningless 
proportions. Fortunately the present 
booK attempts a svnthesis of the present 
state of ecological knowledge by consider- 
ing both plant and animal ecolo^ to- 

5 ether as one subject, which is without a 
oubt a sensible approach. Ecological 
nomenclature has been subdued. The 
two authors are of the highest eminence 
in their respective fields, and the fact that 
this book is a product of their collabora- 
tion should make it a valuable and in- 
formative text, which it is. 



A Dictionary of Scientific Terms: Pro- 
nunciation^ Derivation^ and Definition of 
Terms in Biology^ Botany^ Zoology^ Anat- 
omy^ Cytology^ Embryology^ Physiology. 
Third Edition. 

By I. F. Henderson and W. D. Henderson. 

Revised by J. H. Kenneth. D, Van 

Nostrand Co.^ New York. $7.00. x 

si; xii + 383; 1539. 

The original edition of this dictionary 
contained definitions of about 10,000 
terms used in biology and its allies, anat- 
omy, botany, zoology, embryology, cy- 
tology and physiology. Some terms in 
bacteriology and palaeontology were in- 
cluded. In the second edition about 1500 
new terms were added while in the third 
comparatively few were. It was not the 
authors* plan to list all terms in biological 
literature — since this would run the work 
up into a good-size dictionary — but rather 
to produce a small, handy volume. 
Students, readers and those having to do 
with the publication of biological litera- 
ture will nnd this a useful book. 



Wildlife of the Atlantic G>A8T Salt 
Marshes. U. S. Department of Agriculture. 
Circular No. jio. 


By W. L. McAfee. Govemmenf Printing 
Office^ Washington. 10 cents. 9I x 5f ; 
i8 + 6 plates; 1939 (paper). 

Salt marshes of the Atlantic coast are 
undergoing intensive draining and ditch- 
ing in furtherance of mosquito control, 
and as a consequence much of the salt- 
marsh fauna and flora is beins depleted. 
McAtee asks that some consideration be 
given to the conservation of this wildlife. 
He describes the typical plants, birds, 
reptiles, and mammals that inhabit such 
areas to acquaint the layman with the 
resources of these interesting biological 
habitats. 



The Bulletin of Mathematical Bio- 
physics. Volume 2, Number r, Marchy 1^40. 

Edited by N. Rashevsky. University of 

Chicago y Chicago. 

This number contains the following 
papers: A neural mechanism for dis- 
crimination: II. Discrimination of 

weights, by A. S. Householder; An ap- 
proach to the mathematical biophysics of 
self regulation and cell polarity, by N. 
Rashevsky; Contributions to the mathe- 
matical biophysics of organic form: I. 
Formation of cavities in cellular aggre- 
gates, by N. Rashevsky; Discrimination 
between temporally separated stimuli, by 
H. D. Landahl; Convective diffusion in 
parallel flow fields, by Gale Young. 



HUMAN BIOLCXJY 

Americans. A New History of the Peoples 
Who Settled the Americas. 

By Emil L. Jordon. Illustrated by Ed- 
ward A. Wilson. W. W. Norton and Co.y 
New York. $3.50. 8^x5^; 459 + 8 
plates; 1939. 

To say that a book is “ingenious** sounds 
somewhat awkward, yet this adjective 
can be very appropriately applied to the 
work under discussion. The stories of 
the many peoples who have contributed 
to the making of modern America have 
been told and retold, but this is the first 
time that all of them have been integrated 
into a simple narrative covering both 
Americas. 
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It is now almost universally held that 
the human species originated in the 
general vicinity of southeastern Asia, 
From which point of origin mankind has 
radiated over the inhabitable world. 
The first settlers in America came from 
Asia across Bering Strait, because that 
was the shortest route. They brought no 
civilization with them for they had as 
yet not developed any: the pre-Columbian 
civilizations of Latin America were in- 
digenously developed. After an interval 
of five thousand or more years the path- 
way from Europe to America was dis- 
covered, and a new stream of immigrants 
began to cross the Atlantic, bringi^a 
ready made civilization with them. The 
American continent became the battle 
ground of two civilizations, and although 
the exotic one was victorious many of the 
indigenous characteristics of America be- 
came indelibly grafted upon it. 

It is the story of the fusion of these two 
unrelated cultures to form Saxon and Latin 
America that the author brings to us in a 
fresh and stimulating form. In Saxon 
America the Europeans settled on the 
Atlantic seaboard, gradually advancing 
toward the west and pushing the aborig- 
ines before them. In Latin America they 
attempted the simultaneous colonization 
of the entire continent, making it necessary 
to assimilate the aborigines instead of ex- 
pelling them. Thus Latin America had no 
frontier, and consequently no counterpart 
of the picturesque personalities that de- 
veloped along the frontier of Saxon Amer- 
ica. A few comparisons may be made; for 
example, Bartolomeo Las Casas with David 
Zeisberger, but Latin America had no 
Heinrich Stiegel, no Clcng Peersen, no 
Emperor Norton, no Johnny Appleseed. 

Tlierc is an ample inaex of fifteen pages, 
but the book suffers by lack of adeauate 
documentation. The author’s fondness 
for presenting romantic characters in a 
dramatic light (an admirable trait in an 
author) leads him to make statements 
that the careful reader will wish to check 
before accepting as authentic, but the 
absence of footnotes precludes this. 

The treatment of certain personages 
leaves much to be desired. Of Anne 
Hutchinson it is recounted merely that 
she was expelled from Massachusetts for 


heresy and was subsequently murdered by 
an Indian. There is not a word about the 
significant influence on subseauent history 
exercised by her and her followers after 
they had established the colony of Rhode 
Island. She might better have been left 
unmentioned entirely. 

There is much more that might be said 
about this comprehensive work, which, 
despite this criticism is delightful reading. 
In Its pages one meets the makers of his- 
tory who have long suffered undeserved 
neglect in this country — Bolivar, O’Hig- 

f ins, and the only really humanitarian 
ictator in American history, Don Pedro 
II. The chapters dealing with the cul- 
tural contribution of the Spaniard and 
the ethics of the Eskimo are quite en- 
lightening, and he who undertakes to 
read the book is not likely to put it down 
unfinished. 

* 

Wb Didn’t Ask Utopia. A Quaker Family 
in Soviet Russia, 

By Harry and Rebecca Timbres, Prentiss 
Hally Inc,y New York, $z.50. 8 x 5^; 
xiii + 190; 1939. 

It is difficult to appraise such a book as 
this. Harry Timbres did not go to Russia 
to gather material for a book, or to study 
sociological phenomena, or to spread 
propaganda. He went onlv to render 
service, and he was one of tnose peculiar 
people to whom service is a sacrament. 

During the world war the Russian 
people had had to fight three wars simul- 
taneously — a foreign war against the 
central European powers, a revolutionary 
war against the government that had 
oppressed them and lived off of them 
parasitically through several centuries, 
and a civil war against certain of their 
own leaders who sought to betray them. 
Victory was finally achieved, but at a 
terrible cost, which was both physical 
and spiritual. Then came the blockade, 
bringing famine and pestilence in its wake. 

Into such a scene of devastation as this 
Harry Timbres felt the concern to go to 
minister to the victims of the war system. 
The locality which he selected for the site 
of his labors was about half way between 
Moscow and the ccmtinental divide. Here 
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at Marbumstrov he settled in 1937, here 
he was joined later by his wife and two 
children, and here he laid down his life 
within a year, a victim of exanthematous 
typhus. 

The book is the story of the experience 
of this family pursuing the task of their 
choice. It was not written to arouse 
either passion or compassion, but simply 
to tell what they saw and lived through. 
The story is related by Rebecca Timbres, 
for Harry spent all his time after complet- 
ing his routine at the hospital and labora- 
tory each day in translating medical works 
into Russian from English, and had no 
opportunity for original literary activity. 
Tiiose of his letters which are reproduced 
have of course not been edited in anyway, 
and are largely taken up with personal 
matters of technical detail, that might 
better have been omitted. But Rebecca's 
journal is an interesting and significant 
document, dealing as it docs with experi- 
mental altruism based on individual 
initiative. It tells us nothing about the 
politics or economics of Russia in the 
mass, but it docs tell us what individual 
Russians think, how they live, and what 
they do. 



Cultural Relations on the Kansu- 
Tibetan Border. 

By Robert B. EkvalL University of Chicago 

Press, Chicago . $i . 50. 9^x6^; xiii + 87 ; 

1939 (paper). 

The author was born on the Kansu-Tibetan 
border, lived there most of his first four- 
teen years, return in 19x3 as a missionary, 
and remained there until 1933. His work 
brought him into close contact with the 
interesting ethnic groups (Chinese, Mos- 
lems, and Tibetan^ of this little-known 
marginal area. Fortunately, the author's 
excellent memory, acute observations, and 
ability to present in clear concise manner a 
mass of detail without losing sight of the 
more generalized aspects of life on the 
border have combined to produce an ex- 
cellent study of inter-ethnic relationships. 

Although Ekvall divides the ethnic 
groups into Moslem, Chinese, and Tibet- 
an, tne last named is actually divided into 
two — the sedentary and the nomadic 


Tibetans— one racial group presenting two 
different cultures. These four major 
groups are described in the following 
relation to each other: (i) the Chinese 
and the Chinese-speaking Moslems; (x) 
the Chinese and tne sedentary Tibetans; 
(3) the Moslems and the nomadic Tibet- 
ans; (4) the sedentary and the nomadic 
Tibetans. Between the Chinese and the 
Moslems (an Arab-Chinese race worship- 
ping Islam) there is hostility due to racial, 
religious, and personality differences; be- 
tween the Chinese and the sedentary Tibet- 
ans there is an infiltration of ideas and 
customs with the result that manv 
Tibetan villages have become Sinicizea; 
between the Moslems and nomadic Tibet- 
ans there is a mutual diffusion of traits 
brought about by constant trade relations 
and economic usefulness to one another; 
between the sedentary or agricultural and 
the nomadic or pastoral Tibetans — people 
actually of the same race and religion 
(Buddhism) but of different occupations — 
there is a marked social differentiation 
with the nomads in the ascendency. 

The study is most interesting for the 
light it throws upon these little-known 
races— their modes of subsistence, racial 
differences, religious differences, language, 
customs, ethnic heritages, numbers and 
vitality of population, warfare, economic 
organization, and their inter-ethnic, rela- 
tions. A problem of especial interest to 
students of population would be the 
markedly high birth-rate of the Chinese 
in definite contrast to the other three 
groups. 



Population and Peace. A Survey of 
International Opinion on Claims for Relief 
from Population Pressure. International Stud- 
ies Conference. 

By Fergus C. Wright. International Insti- 
tute of Intellectual Co-operation, Paris; 
Columbia University Press, New York. 
$x.oo. 9i X 6i; xvi + 373; i939- 
This work deals primarily with peace, 
and with population only insofar as it 
affects peace. In its method of approach 
it has more in common with Henri Van 
Etten's Pax Oeconomica (which discusses 
peace but not population) than with 
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Carr-Saundcrs’ World Population; Post 
Growth and Present Trends (which discusses 
population but not peace) despite the fact 
that Carr-Saundcrs is quoted over 500 
times and Van Ettcn not at all. The 
rapidity with which political history is 
developing is indicated by the discussion 
of population problems in Austria, 
Czccho-Slovakia, and Poland, which no 
longer exist as sovereign states. 

According to the findings of the Com- 
mittee which prepared this book, the only 
countries in which overpopulation is 
likely to lead to war arc Germany, Italy, 
Japan, and Poland. In the first of these 
the process of industrialization has been 
completed, and the need for colonics to 
which the surplus population may be 
exported is acutely felt. Of course there 
have been many underpopulated nations 
that have been glad to accept German 
immigrants in the past as rapidly as they 
could be assimilated, but present day 
Germany docs not want her emigrants 
assimilated, she wants them to surrender 
their residences in Germany but to retain 
their allegiance to the German flag. The 
industrialization of Italy and Japan have 
been only partly accomplished and its 
continuance will care for the increasing 
population of these nations for some years 
to come. But industrialization calls for 
raw materials, and the conquest of 
Ethiopia by Italy was intended to supply 
to the latter a region thought to be rich in 
natural resources. The great need of 
Japan is not raw material but markets for 
finished products, and the dcnsclv popu- 
lated Korea and Manchukuo met this need 
much better than a sparsely populated 
region (for example, Australia) ever 
could have done. 

From these considerations it appears 
that there can be no panacea for relief 
from population pressure, but that each 
case must be dealt with separately. The 
International Studies Conference of the 
League of Nations to whose researches 
this book is due have been seeking for 
four years to learn which nations arc 
suffering from this complaint, to what 
extent, and what palliative measures may 
be applied; but they have formulated only 
a very fragmentary answer to these ques- 
tions. 


The book has 36 pages of bibliographic 
references, but only 10 of index. Inci- 
dentally it is not made clear why Japan 
and Germany continue to be represented 
on the Committee after their withdrawal 
from the League. 



Some Memories of a Palaeontologist. 

By William Berryman Scott. Princeton 

University Press^ Princeton. $3 .00. 9x6; 
r?] + 3J6; 1939. 

The author of this work celebrated his 
80th birthday in 19^8. The book is the 
story of a long and interesting life that 
began back in the pioneer days of Ameri- 
can science and has continued active up 
to the present. All the leading intellects 
of the world not only in paleontology but 
also in other fields of biology and geology 
parade in orderly fashion across the pages 
of this remarkable book — Ameghino and 
Moreno of Brazil; Gegenbaur, Biitschli, 
His, Zittel, and Weismann of the German 
Empire; Milne-Edwards of France; Hux- 
ley, Tyndall, Owen, Woodward, Balfour, 
Sedgwick, Lankester, Mosely, Thompson, 
Gcikic, and Bateson of Great Britain; 
Dawson of Canada; as well as the Ameri- 
cans Lcidy, Cope, Marsh, LeConte, Dana, 
Gray, Henry, Young, Mitchell, Keen, 
Merriam, Dali, Ortmann, and Scott’s most 
intimate friend from college days on, 
Henry Fairfield Osborn. Scott regarded 
Cope as perhaps the greatest genius he 
ever met. He adds some more matter, 
useful for the record, to the account of 
that remarkable person Othniel C. Marsh, 
but it becomes increasingly clear that the 
whole story will never be told in print. 
Both Osborn and Scott, who prooably 
knew more about it at first-hand than 
anyone else, suffered from the inhibi- 
tions that are associated with being gentle- 
men, and in their autobiographies exhibit 
a reticence at certain points that does 
credit to their humanity, but demonstrates 
once more that the history of scientific 
matters is no more likely to be written 
with scientific precision and completeness 
than is any other kind of histoty. 

Scott’s career is one of great significance, 
and it is to be hoped that some day his 
life will be written as it deserves to be, for 
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he was too close to himself to view him* 
self in the proper perspective. When that 
time comes the present work will be an 
excellent source of material, for it is rich 
in reminiscences of fossil hunting expedi* 
tions to the Middle West in which a 
loquacious nephew of Jim Bridget fibres 
prominently, of years spent in study at 
Heidelberg, of conventions of the world's 
leading scientific organizations, and of 
social contact with men of letters like 
Charles Godfrey Leland, John Bach Mac- 
Master, Tames Bryce, Oscar Wilde, Jules 
Jusserand, and Woodrow Wilson. There 
is an index of 14 pages. 



Lbstbr F. Ward, the American 
Aristotle. A Summary and Interpretation 
of His Sociology. 

By Samuel Chu german. Duke University 

Press^ Durham. $5.00. 9x6; xiii + 

591 + 4 plates; 1959. 

The stated purpose of this book is to rescue 
the memory of Lester F. Ward (1841-1913) 
from the neglect of the present generation 
of sociologists. The aim is laudable be- 
cause Ward was undoubtedly a man of 
superior intellect. He occupied a high 
position among paleobotanists, possessed 
a unique command of scientific term- 
inology and was accepted as a foremost 
student of sociology when this branch of 
learning first began to separate from the 
metaphysical trunk to which it is still 
closely adherent. As a sociologist Ward 
was actually a follower of Comte pleading 
for a new social order along the lines of 
the Platonic Republic. Pitted against the 
teachings of Sumner, Ward’s feeble and 
naive attempts at social welfare never 
advanced far and at his death were more 
or less immediately forgotten. Chuger- 
man believes that this state of things 
should be remedied and in one swoop 
raises him to the intellectual Olympus 
along side of Aristotle, Darwin, Kant and 
simiHur ranking gods. The reason why 
Ward should occupy such an elevated 
position is never made clear. The major 
portion of the book’s 600 pages consists 
of a short biography of our hero, many 
pages of laudatory adjectives, a critique 
of the outstanding sociologists and an 


attempt to find an important place for 
Ward in the history of human thought. 
Since the author praers to tell the reader 
of the greatness of Ward rather than to 
demonstate it he is not quite convincing, 
particularly when he chooses examples of 
Ward’s profound dicta such as these: 
* ‘Matter is what it seems to be’ ’ or “i. The 
object of nature is fimction. z. The ob- 
ject of the organism is desire. 3. The ob- 
ject of evolution is activity. 4. The 
object of man is happiness. 5. The ob- 
ject of society is achievement.” The 
author’s wholehearted devotion to his 
cause is praiseworthy but he would have 
rendered more effective service to his idol 
had he controlled the verbal manifesta- 
tions of his sentiments and proceeded to a 
sober evaluation of Ward’s contributions. 



Priests of Lucina. The Story of Obstetrics. 
By Palmer Findley. Little^ Brown and 
Co.^ Boston. $5.00. 9i x 6J; xiv ■+■ 
4Z1 •+• 31 plates; 1939. 

The Priests of Lucina is a study of child- 
birth, medical obstetrics, and midwifery 
from earliest times on. The author begins 
by discussing the anatomical proportions 
of the Venus of Willendorf and “the ob- 
stetrical difficulties that must have beset 
our paleolithic mothers” if this distorted 
figure were at all representative of pre- 
historic women. Next are considered the 
obstetrical practices in the ancient Orient, 
the fertile land of Mesopotamia between 
the Tigris and Euphrates Rivers, Egypt, 
in ancient Judea with its Mosaic laws, 
Persia, India, China and Japan. From 
this point on the author treats the history 
of childbirth and the practice of obstetrics 
as a history of biographies. The first 
biography is that of Hippocrates, the star 
of the Golden Age of Greece, and the last, 
of John Whitridge Williams, a name rev- 
ered in the annals of the Johns Hopkins 
Medical School. A chapter of outstand- 
ing interest is that on the Chamberlens 
and the manner in which thev guarded the 
secret of the “iron tongs”, tne obstetrical 
forceps, and the many ways in which they 
antagonized the College of Physicians 
from which almost everv member of four 
generations of Chamberlens was expelled 
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for infraction of one rule or another. *lt 
would appear that the practice of fee 
splitting is not, as we think, a modern 
invention, for we find Dr. Peter Chambcr- 
len charged with subsidizing the midwives 
in lieu of their patronage by offering to 
build alms houses for ‘decayed midwives’ 
and by feasting them with venison, wine 
and other delicacies.” (17th Century.) 

The second part of the book consists of 
studies on the five following subjects: 
(i) Anatomy, (x) The Forceps, (3) The 
Midwife, (4) Puerperal Fever, (5) 
Cesarean Operation. An extensive bibliog- 
raphy and 38 excellent illustrations arc 
included in this study. 



Children of God. An American Epic, 

By Vardis Fisher, Harper and Bros,^ 

New York and London, $3.00. 8J x 5f; 

[8] + 769; 1939- , 

Here is the story of the Mormons — one 
of the strangest phenomena of human 
group biology in alt history — told with all 
essential detail, and authoritatively. The 
author is of Mormon descent on both sides, 
his father having been the first settler in 
the upper Snake River Valley, where he 
was sent by the Mormon Church to stare 
a colony. Naturally the Mormon philos- 
ophy and point of view get sympathetic 
exposition throughout. At the same time 
the comic elements that were the ineluct- 
able concomitants of so much sincere 
earnestness arc in no way glossed over. A 
great part of what is funny about Mor- 
monism and the Mormons came into the 
picture through Joseph Smith, surely as 
comic a character as is to be found in all 
history. Grading A in the truly irresist- 
able combination of humorlcssness and 
concupiscence, and not too queasy about 
standards of integrity in matters of con- 
duct, he was plainly foreordained to be a 
religious leader. 

With all due admiration for the sterling 
qualities of the rank and file of the pioneer- 
ing Mormons, and most of their leaders 
including especially Brigham Young; and 
in face of the fact that in the end the whole 
affair worked out pretty well; the story is 
nevertheless depressing. It is depressing 
because it depicts so clearly the ineradi- 
cable folly of mankind. How could other- 


wise sensible human beings take seriously 
the transparently silly rumble-bumble of 
Joseph Smith? And on the other side, 
now could the people of the United States, 
and those responsible for the government 
of the country at the time, treat the 
Mormons so badly as they did? 

The book docs not seem to us to rate 
anything like as high as literature as it 
docs as history. It is too repetitious and 
tediously verbose. But, at that, it will be 
a mistake not to read it. 



Greenland Journey. The story of Wegener s 
German Expedition to Greenland in 
as told by members of the expedition and the 
leader s diary. 

Edited by Else Wegner with the assistance 
of Fritz, Loewe, Translated from the yth 
German edition by Winifred M. Deans, 
Blackie and Son, London and Glasgow, 
ITS, 6d. net. 8^ x 5!; xx + ^95 + 47 
plates; 1939. 

This is the story of the German expedition 
of 1930-31 to the Greenland ice-cap, 

S lanncd and led by Alfred Wegener, who 
icd on the ice in the late autumn of the 
first year, presumably from the failure of 
an overstrained heart coupled with severe 
exposure. The primary objectives were 
geophysical, especially in the realm of 
glaciology, and climatological. The plan- 
ning was thorough, and took advantage 
of much of the wisdom accumulated by the 
experiences of earlier polar explorers, as 
well as all the aids that accrue from the 
development of modern science. But in 
spite of all this the enterprise did not go 
well in actual fact. It is not the place 
here to go into any discussion of the rea- 
sons for the succession of mishaps. 
In spite of the troubles and difficulties 
the scientific results achieved were more 
than respectable, both as to quantity 
and quality. And this popular account 
abounds in thrills — in fact there were 
rather more thrills than modem explorers 
regard as consistent with really well-exe- 
cuted operations in the polar field. 

Of specifically biological interest, and 
also the high point of the enterprise from 
all points of view, is the account of the 
winter at Eismitte, the station on the 
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icc-cap at about the center (east and west) 
of Greenland, where three men lived and 
made daily observations. Their supplies 
were inadequate; one of them had to have 
his frozen and gangrenous toes amputated 
without benefit of either surgeon, proper 
instruments, or anesthetic. The Greenland 
ice-cap in winter must come close to being 
the world’s worst environment for the 
sustaining of life. 

The book is well illustrated, but lacks 
an index. 



Time-Budgets OF Human Behavior. Har- 
vard Sociological Studies Volume II, 

By Pitirim A, Sorokin and Clarence Q, 
Berger, Harvard University Press^ Cam- 
bridge; Oxjord University Press, London, 
$1.50. Sf X 5f; xi + 204; 1939. 

This volume embodies the results of a 
unique investigation on some of the spe- 
cific activities that constitute human behav- 
ior. The main problems with which the 
study is concerned relate to the kind, fre- 
quency and duration of activities that 
occupy the individual’s day, the motiva- 
tion of the activity, the social elements 
involved and the influence of sex. The 
material consists of the systematic records 
of the activities of almost 100 persons who 
themselves noted their daily actions for 
a period of four weeks. The results in- 
dicate that in terms of time consumed 
those activities relating to pleasurable, 
societal, economic, and physiological 
needs are the most important; while in 
terms of the number of persons participat- 
ing, first place is taken by actions related 
to physiological needs and then follow 
those involving economic and societal 
manifestations. These findings are par- 
ticularly significant as a demonstration of 
the multiplicity of factors affecting human 
behavior and of the importance of those 
factors that may be called elemental or 
biological. However, the most interest- 
ing aspect of the present investigation 
regards the analysis of the motivations ad- 
duced for the several activities. The most 
important of all motives is found to be 
personal comfort, next comes the strictly 
social motive, while the least frequent 
appear to be actions based on religious. 


moral, and legal reasons. These observa- 
tions reveal clearly the inadequacy of 
theoretical formulations about social be- 
havior and stronglv point to the need for 
more concrete information about what 
man actually docs and why. The present 
study represents a successful step in that 
direction. 

$ 

Man the Slave and Master. A Biological 
Approach to the Potentialities of Modem 
Society, 

By Mark Grauhard, Covici Friede, New 

York. $3.50. 9J X 6; 354, 1939. 

This is a much better book than the rather 
weak and lukewarm blurbs on the cover 
would indicate. It is an effort to inaugu- 
rate a development of socialism and the 
social sciences generally that shall be 
parallel to that now being undergone by 
psychology, and like it based upon a 
sound biological foundation. 

The author is a thorough going icono- 
clast, and breaks lances with practically 
every other modern writer in defense of his 
own personal philosophy, which he calls 
scientific humanism. The choice of termi- 
nology is unfortunate, for it has little in 
common with the half dozen or so philo- 
sophical systems bearing the same name, 
which have enjoyed brief periods of 
efflorescence since the time of Erasmus and 
which have since disappeared because they 
lacked strength sufficient to support their 
own weight. But the philosophy enun- 
ciated in this work is thoroughly sound 
although it contains nothing new. He 
attacks organized religion while subscrib- 
ing to many of its tenets. 

The author’s literary style suggests the 
exuberance of youth. The verb ”to 
sculpt” fills a long felt need in the English 
language. (Is this word the invention of 
the author? It is not in the reviewer’s 
dictionary.) The use of the perfect passive 
participle of “taboo” in its correct form 
is to be commended, but the use of 
“Slovakians” for “Slovaks” is not so 
happy. 

The index covers only five pages, but 
this is adequate for a popular exposition 
such as this. 
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Frontib&s of Enchantment. An Artist's 
Advmtures in Africa. 

By W. R. Leigh. Simon and Schuster^ 

New York. $3.00. 9 x 6; xi + X99, 

1938. 

The author, an American painter well 
known for his realistic portrayals of the 
out-of-doors, writes in this book of two 
African expeditions on which he went in 
the capacity of painter for the American 
Museum of Natural History of New York. 
The first expedition was headed by Carl 
Akcley, great naturist-artist, the practical 
visionary who first conceived the idea of 
building African Hall in the Museum of 
Natural History, famous taxidermist and 
inventor, author of In Brightest Africa^ 
and one of the pioneers in the field of 
habitat-grouping. It was on this expedi- 
tion, November 17, 1916, that Carl Akeley 
died and was buried in the land he loved 
so dearly. After his death his wife 
headed the expedition and completed the 
work which ner husband had planned. 
The author’s work on this first expedi- 
tion as on the second, the Clark-Carlisle 
Expedition, was that of painting “with 
perfect fidelity to nature” natural back- 
grounds for habitat-eroups. Wherever he 
journeyed he painted not the Dark Conti- 
nent but a glorious, sunbathed, enchanting 
Africa; not a country of pestilential 
swamps and jungles but a land of varying 
natural scenic beauty. In his book Leigh 
tells of his two expeditions to Africa and 
manages to convey to the reader, as few 
writers have before, the “feel” of Africa, 
an understanding of its animal life and of 
its wild, virgin beauty. The volume is 
profusely illustrated with original 
sketches. 



Arctic and Antarctic. The Technique of 
Polar Travel. 

By Colin Bertram. W. Hejfer and Sons^ 
Cambridge. 7s. 6d. net. ^ x xii 
115 + II plates; 1939. 

This book is different from the usual run 
of polar travel stories which cite the ad- 
ventures of a single journey. Appropri- 
ately enough the first chapter is entitled 
“Why?” Why do men go on polar expe- 
ditions? With advancing years the reason 


has changed. It is now largely scientific 
research— the desire to know. As the 
principal environmental factor en- 
countered in polar regions is cold a number 
of pages are devoted to the biological 
effects, on mind and body, of decreased 
temperature. Clothing, tents and food 
are dealt with as methods of combating 
cold. The subject of food, particularly 
on sledging journeys, is of great impor- 
tance. In this matter as in that of clothing, 
recent expeditions are much superior to 
those of years ago. Not only do the 
modern rations weigh 15 percent less, but 
they are definitely better in nutritional 
value. 

One of the greatest problems of polar 
travel is the type of motive power to be 
used. The reindeer, the pony, and the 
mechanical tractor have been tried with 
mixed success and failure. Man-power and 
dog-power have proved most efficient, 
depending upon conditions of the terraine. 
A multitude of details explain the outfit- 
ting of sledging parties, and finally, the 
writer waxes eloquent over the beauties 
and calm of polar lands, and the indescrib- 
able something that draws explorers away 
from the activity of civilization. 

* 

The Native Races of Australasia in- 
cluding Australia^ New Zealand, Oceania, 
New Guinea and Indonesia. Anthologia An- 
thropologica. A Copious Selection of Passages 
for the Study of Social Anthropology from the 
Manuscript Notebooks of Sir James George 
Frazer. 

Arranged and Edited by Robert A. Downie. 

Percy Lund Humphries and Co., London. 

35 s. II X 8i; vi + 3^; 1939. 

The size and numbers of the accounts in 
this huge volume containing passages 
from Sir James Frazer’s notebooks are apt 
to frighten the would-be student of social 
anthropology. Even the most serious 
student is somewhat appalled at his own 
insignificance when he considers the state- 
ment of the editor that “This volume con- 
tains, in the main, material that Sir James 
has not used in his published works” 
and then thinks of the prodigious number 
of books the author has already produced. 

The volume is concerned with a very 
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small portion of the terrestrial globe— 
mmly Australia, Tasmania, the Poly- 
neisai^roup including among other places 
New ^aland and the Hawaiian Islands, 
Micronesia including Formosa and the 
Philippines, Melanesia including the Fiji 
Islands and Solomon Islands, New Guinea 
and the Torres Straits, and Indonesia, in 
which last group Borneo, Bali, Java, and 
Sumatra arc a few of the places considered. 
Detailed and numerous passages on the 
customs and observances of the diverse 
races of primitive folk of the South Scsls 
arc herein presented as first-hand accounts 
without further explanation. Any intcr- 

{ )rctation to be made of these facts is left 
or the reader. An index and five simply 
outlined maps should aid the student of 
social anthropoly through this ponderous 
assortment or manuscript notes. 



Red Strangers. 

By Elspeth Huxley. Harper and Bros.^ 

New York and London. $1.50. 8 x 5J; 

viii + 406 + 16 plates; 1939. 

Although set in the form of a novel — and 
an entertaining and moving one — actually 
this volume furnishes in popular form a 
sound and detailed account of the general 
and cultural anthropology, as well as the 
social history over two complete genera- 
tions of a branch of the Kikuyu people 
inhabiting the South Nyeri district of the 
Kikuyu reserve locatea on the southern 
slopes of Mt. Kenya in East Africa. It 
gives a clear picture of the psychological 
stresses and strains, both individual and 
social, that accompanied the contact of a 
native tribe possessing a rather highly 
organized social structure with the invaa- 
ing whites of the modern world — the Red 
Strangers. The eventual and inevitable 
outcome was, of course, the complete 
subjugation of the blacks, spiritual as well 
as physical and material. The account 
makes it clear that, on the whole, the 
procedures of the whites were as gentle, 
kindly, and intelligent as could have been 
expected in the circumstances. And there 
is no reason to doubt the substantial truth 
of the impression so conveyed. Yet the 
net r^ult was to reduce a happy and up- 
standing people, thoroughly well adapted 


to an environmental scene to which they 
had long been accustomed, to a pitiable 
state. There is apparently no ^estion 
of the continued survival of the Kikuyu, 
in the biological sense. It is merely that 
they will survive as a dififerent sort of 
human beings. 

We recommend this book strongly. It 
represents an inherently difficult job of 
writing extremely well done. 

* 

To THE Lost World. 

By Paul A. Zahl. Alfred A. KnopL 

New York and London. $1.75. 8 x 5I; 

X + x68 4“ 16 plates; 1939. 

Although the author’s expedition through 
the jungles of British Guiana had a scien- 
tific purpose— the finding and capturing of 
^ant poisonous ants (Paraponera and 
Dinoponera) to take back to his laboratory 
at Harvard — this volume is mainly an 
adventure story and one which is truly 
exciting and excellently told . Besides the 
ants which he finally deposited alive be- 
fore a bewildered customs inspector on a 
Boston dock, the author's main purpose 
was to visit the fabled Lost Worlcf on top 
of Mount Roraima far in the uninhabited 
interior of South America. 

Dr. Zahl tells of the thrilling flight from 
Georgetown in a small hydroplane over 
dangerous jungles to a point where he and 
and his companion, a gold and diamond 
prospector, engaged native guides and 
carriers and continued on foot and by 
canoe. During their wanderings througn 
the jungle, the author in search of ants 
and his companion in search of diamonds, 
which he never found, they encountered 
natives who had never seen white men, 
they survived the flood of a tropical river, 
and visited the gigantic falls both of 
Kamarang and of the Uitschi, the latter 
over a quarter of a mile high. They found 
waterfalls hitherto unrecorded and with- 
stood the dangers of snakes and malaria 
until at last they scaled the great height of 
Roraima itself. The volume should be 
completely enthralling to the adventure 
lover and to the scientist. The author's 
excellent and unusual photographs are 
particularly worthy of praise. 
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Black Wouxbs and tbb New Unions. 
By Horaci R. Cayton and Georp S. MitcielL 
University of North Carolina Press^ Chapel 
Hill, $4.00. 9x6; xviii + 473; 1939. 
By means of numerous j^rsonal interviews 
the authors have inquired into the atti- 
tudes of the white worker, the labor 
union, and the employer towards the 
Ne^ro worker and the latter’s reaction 
towards the former. The investigation 
has been limited to three industries — 
iron and steel, meat packing, and railroad 
car shops. Both in the north and south 
the Endings appear to be the same. On 
the part of the white worker there is overt 
antagonism of varying degree. This ap- 
pears to be due in part to a persistence of 
racial intolerance and in part to fear that 
the Negro will supplant the white. There 
is some foundation for such fear since in 
the past the Negro was extensively used 
as a strikebreaker and in this fashion first 
made his appearance in Northern in- 
dustries. The Negro in turn, being well 
aware of the attitude of the white worker, 
has reacted bv suspecting the motives of 
his white colleague and has often refused 
to participate in Tabor movements . These 
findings would seem to indicate that 
among laborers one finds more or less the 
same barriers to social intercourse be- 
tween white and Negro as is seen in the 
general population. This point is, how- 
ever, not considered at any length by the 
authors who are more interested in arriv- 
ing at some means of altering the situa- 
tion. As a solution they advocate the 
organization of Negro labor unions which 
they believe would strengthen the posi- 
tion of the Negro with respect to both 
the white laborer and to the employer. 



The Stort op Surgery. 

By Harvey Graham, With a Foreword by 
Oliver St, John Goparty, Doubleday ^ Doran 
and Co,^ New York, $3.75. 9x6; 

415 + 14 plates; 1939. 

Prehistoric skulls have been found which 
show definite evidences of trepanning, pos- 
sibly for the release of demons from the 
body of the victim. Today, in hundreds 
of wonderfully equipped operating rooms, 
skilled hands arc still struggling against 


demons. This book is the fascinating 
story of the progress of surgical knowledge 
between these two ages. The author 
mentions other Neolimic evidences of 
surgery, and then discusses practices 
among the ancient Chinese, Egyptians, 
Greeks, and Romans. The art went into 
eclipse after this, save for a few hardy 
souls who carried on the teachings of 
Galen and Hippocrates. A renaissance 
took place several hundred years later, 
with the establishment of schools at 
Salerno and elsewhere in southern Europe. 
The next few centuries saw the lives of 
several individuals such as Vesalius, 
Parc, Clowes, and especially Harvey, who 
dared question the wisdom of the ancients. 

Dr. Graham (a pseudonym) tells how, 
until the advent of anaesthesia about 1830, 
the greatest advances were made in the 
skill and rapidity with which limbs could 
be amputated or stones removed. After 
this, speed was no longer at a premium. 
A few years later came the greatest ad- 
vance of all — antiseptic surgery. Tribute 
is paid to Joseph Lister in the story of his 
life. The book closes with a description 
of the status of surgery today, and what 
may be expected in the future. 

Dr. Graham writes with all the skill of 
the dramatist, mingling grim pathos with 
keen humor. The story is highly recom- 
mended to student and layman alike. 



Ten Years under the Earth. 

By Norbert Casteret, Preface by E, A. 
l^rtel, Translated and edited by Barrows 
Mussey, The Grey stone Press ^ New York, 
$3.00. X 5J; XX + x 83; 1939. 
Everybody has longed to view places 
never before seen by human eyes — ocean 
depths, polar regions, dense jungles, or 
underground caverns. One feels, as he 
reads this book, that he is with the author 
penetrating the mysteries of grottoes, and 
chasms. Swimming through submerged 
tunnels and forcing narrow corridors M. 
Casteret penetrates deep into the Pyre- 
nees, entering large rooms rich in relics 
of ages past. He finds prehistoric hearths, 
flint tools, clay statues, and stone en« 
gravings mingle with bones of the now 
extinct animals with which cave dwellers 
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had struggled for supremacy. Much of 
the history of these men and animals is 
reconstructed from such findings. 

Aside from the study of ancient remains, 
the writer has done valuable work in 
hydrographic surveying. This involved 
not only such matters of interest as de- 
termining the sources of rivers, but also 
finding methods of diverting streams for 
electrical power. 

The book is written in an interesting 
manner, describing vividly all of the con- 
ditions met with in subterranean explora- 
tion. In some places the,cavems are rank 
with thick slime and decaying carcasses; 
in others there are colorful frozen lakes, 
fantastic stalactites and stalagmites, or 
beautiful flowers of gypsum or other 
crystals. A section is included on the 
fauna of caverns. Speleologists and biol- 
ogists generally will not be alone in 
enjoying this volume. 



John Howard (17x6-1790) Hospital and 
Prison Reformer: A Bibliography. 

By Leona Baumgartner, introduction by 
Arnold M. Muirhead. The Johns Hop- 
kins Press ^ Baltimore. $1.00. 10 x 7; 

79 i 1939- 

ohn Howard was nearly 50 years of age 
)cfore he began the work tor which he is 
cnown. Bom in Clapton in 17x6 he 
ived a life of easy routine until his ap- 

5 >ointmcnt as high sheriff for Bedfordshire, 
n an attempt to find a precedent for the 
correction of certain prison abuses, he 
visited most of the prisons of England and 
Wales, but found none. The appalling 
conditions he did find though were care- 
fully recorded in his notebooks. He spent 
the remaining 17 years of his life, and his 
fortune, in travel to every country of 
Europe to study conditions in prisons and 
lazarettos and died of “camp fever” while 
inspecting military hospitals at Cherzon, 
Russia. His two books State of Prisons 
(first edition, Warrington, 1777) and Lazst- 
rettos (first edition, Warrington, 1789), 
gave a tremendous, if not immediate, im- 
petus to the improvement of prison and 
hospital conditions. 

E^. Baumgartner includes in this bibliog- 
raphy not only the editions and trans- 


lations these two books have passed 
through, but also works edited by or 
attributed to Howard, contributions (4) 
to journals, biography and criticism, con- 
temporary biographical notes and reviews, 
and unpublished letters. The items are 
accompanied by interesting notes and in 
most cases libraries having copies are 
noted. Dr. Muirhead who acquired the 
Collection of Howardiana, now in the 
Library of Dr. John F. Fulton at Yale 
University, contributes a biographical 
account of the life and work of Howard. 



Mbthodix der V 5 lkerkunde. 

By Wilhelm Muhlmann. Ferdinand Enke 
Verlagy Stuttgart. RM. 14. (paper); RM. 
15.80 (cloth); (xj percent less outside 
of Germany). 9i x 6J; viii -f- X75; 
1938. 

The spirit of this treatise is essentially 
emotional. The writer desires a return to 
ethnology based upon German eighteenth 
century romanticism. At that time the 
subject was based upon sophistry and 
conclusions were drawn from inward 
feelings. 

The writer draws upon a large volume 
of English, French, and German literature. 
He endeavors to show that the physical 
and cultural attributes of men vary among 
different races. Those races which have 
developed characteristics giving to them 
a higher survival value will ultimately 
become the rulers of less progressive na- 
tions. It is an attempt to apply the bio- 
logical principles ot Darwin’s natural 
selection hypothesis to the field of ethnol- 
ogy. It is also pointed out that ethnology 
is no longer to be regarded as a “pure 
science” but is to be used as a means of 
establishing a better science of life among 
individuals in the superior race. 

The opus contains an extensive bibliog- 
raphy, and subject and author indexes. 



The Cameroons and Toooland. A 
Demographic Study. 

By Robert R. Kuctynski. Oxford Uni- 
versity Press^ London^ New York and 
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Tpr&mo. $10*00. 9} x xviii + 
579 + 3 1939- 

This is the first attempt to assemble all the 
essential facts relating to the collection of 
population statistics and to the demo- 
graphic situation of an African area from 
the beginning of its colonization up to the 
present time. It is the first part of an 
analysis which is eventually to be ex- 
tended to include the Union of South 
Africa, the Belgian Congo, French West 
and Equatorial Africa. The West Afri- 
can Mandated Territories were studied 
first for two reasons: three great Powers, 
each following a different colonial policy, 
have participated in their administration; 
and more ample sources of information 
were available concerning them, since 
they were subject to a mandate conferred 
by the League of Nations. The data for 
each Territory is treated separately, under 
each stewardship (German, French, Brit- 
ish). 



Poverty and Population. A Factual 
Study of Contemporary Social Waste. 

By Richard M. Titmuss. The Macmillan 
Co.f New York and London. $3.50. x 
3i; xxviii + 32x3; 1938. 

That poverty is associated with a high 
mortality from certain diseases is such 
a well-known fact that a book describing 
it would ipso facto be considered super- 
fluous, particularly when nothing new is 
brought out regarding the signi&ance of 
the association. However, the author's 
presentation of the English mortality sta- 
tistics according to geographic regions 
has for its purpose to emphasize a condi- 
tion to which insufficient attention has 
apparently been paid by the powers that 
be. For some time now, the North of 
England and Wales have gone through a 
marked economic depression and there one 
finds the highest mortality from all causes, 
from tuberculosis, from puerperal diseases, 
and from those of infancy, in particular. 
Furthemore, the decline in mortality 
noted in the country as a whole has pro- 
ceeded in these regions with the lowest 
deaement. The author pleads that some- 
thing should be done about it, and aside 
from all humanitarian considerations his 


simple array of the facts should prove 
very effective towards this end. 



A Guide to Alaska. Last American Fron-^ 
tier. John W. Troy^ Governor of Alaska^ 
Sponsor. 

By Merle Colby, The MLacmillan Co.^ New 
York. $3.00. 8 X 5f; Ixv + 417 + 64 

plates + 1 maps; 1930. 

The general purpose of the American guide 
scries is to give to Americans a detailed 

f )ortrait of their country and all its out- 
ying possessions. This volume fulfills its 
purpose adequately, giving a complete 
picture of one of our greatest land posses- 
sions, namely, Alaska. It gives all the 
answers to all the questions that an Ameri- 
can tourist in Alaska could possibly ask. 
Included are notes on the history of the 
discovery and development of Alaska; its 
purchase by the United States from Russia; 
Its people; its means of transportation 
and communication; its industries; its 
points of interest; its climate and its 
geocr^hy. In fact, all that a tourist 
needs for making the trip to Alaska is this 
guide, the money, ana the inclination 
to gol 

Many illustrations, both graphic and 
photographic are used to depict the homes, 
surroundings, and activities of the inhabi- 
tants of Alaska. Included also are numer- 
ous maps, and a complete index. 



Race Relations and the Race Problem 
A Definition and an Analysis. 

Edited by Edgar T. Thompson. Duke 

University PresSy Durham. $3 .50. 9 x 6; 

XV + 338; 1933. 

Eight sociologists, an anthropologist 
and a zoologist — all leading figures in 
their respective fields — have contributed to 
this discussion of the problem of inter- 
course between different racial groups. 
Almost all the articles are concern^ with 
some aspects of the relationship between 
Negroes and whites, especially in the 
south. The articles deal with the dif- 
ferences between the Negroes and whites 
with respect to natality, mortaliiv, social 
and economic status, and the Kinds of 
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social relations existing between the two 
groups. In general the authors stress the 
question of racial intolerance, the inferior 
position in which the Negro is held and 
the probable complications in the Negro- 
white relations that may arise in the 
future. In this respect no solution is 
offered. Although lacking originality 
with respect to both ideas and discussion, 
each of the articles represents a scholarly 
review of the subject treated. 



Labor Policy under Democracy. Uni- 
versity of Colorado Studies . Series C. Studies 
in the Social Sciences^ VoL /, No. i. 

By Clay P. Malick. University of Colo- 
radoy Boulder^ Colo. $i.oo. lo x 6i; 
i^o; 1939 (paper). 

This thorough and comprehensive work is 
a study of institutions designed to promote 
industrial peace. The author aiscusses 
the democratic state and the significance 
of government interference and suggests 
that an adequate method of industrial 
peace must embodv three fundamental 
principles: The neca for strong organiza- 
tions to represent the interests of em- 
ployers and employees; legal recognition 
and enforcement of their collective agree- 
ments; and, finally, appropriate agencies 
for adjusting their aifferences and for 
supplying sanctions to the arrangements 
adopted by them. In addition to the 
chapter on labor laws in the United States, 
ch^ters are also devoted to conciliation 
in (jreat Britain, the law of labor in Wei- 
mar, Germany, and compulsory arbitra- 
tion in Australasia. Bibliographic foot- 
notes supplement the pages. 



Tracks in the Snow. 

By David Haig-Thomas. Oxford Uni- 
versity Press y New York. $3.00. 8x5!; 
191 + 16 plates; 19J9. 

In this swift moving arama of the north, 
the reader is carried right along with the 
explorer, sharing all the thrills and hard- 
ships that are a part of a journey in the 
polar region. As the author himself 
states, the purpose of the journey was 
never realized, yet one wonaers whether 


his observations of the northern flora ud 
fauna, and his intimate association with 
the Eskimos are not as valuable in the 
world of science as would have been the 
mapping of a few far-off, little-known 
frozen pieces of land. A picture is given 
of the absolute ruthlcssness of nature in 
the far north, and of the struggle for ex- 
istence of the few forms that have selected 
this cold and frozen waste as their native 
habitat. 

The book is well siipplied with photo- 
graphic illustrations of the animals, plants 
and people of the region. Several line 
maps show the areas traversed by the 
author and his party. 



Races of Afri^'a. Revised Edition. 

By C. G. Seligman. Thornton Butter- 
worthy London, is. 6d. net. x 4; 
I939- 

This little volume (first edition appeared 
in 1930), issued in the Home University 
Library ^ries at a low price, is interesting 
reading. An authority on ethnology, 
Seligmann has produced a well-rounded 
picture of the races of Africa, discussing 
them both from the anthropological and 
ethnological points of view, in simple 
non-technical language. The lay reader 
with an interest in racial studies will de- 
rive much pleasure from this book. It 
would seem to be well-nigh imperative 
reading for those desiring a comprehensive 
understanding of the problems with which 
present-day Africa is confronted. A num- 
Der of distribution maps arc included in 
the volume, a list of literature, and an 
index. 



Rassendiolooische Untersuchunoen aus 
dem hygienischen Institut der medi%fnischen 
Fakultdt XM Kanazawa. Number 7. 

Edited by Y. Koya. Hygienisches Insti- 
tut an der medizinischen fakultdt y Kana- 
Zaway Japan. loj x 7^; 171; 1939 
(paper). 

This volume contains a scries of papers 
based on anthropological measurement 
and growth studies, for the main part on 
Japanese populations. The first paper, on 
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the Hida inhabitants, is presented in both 
German and Japanese by Y. Kato; those 
on constitutional findings among J^anese 
school-children, by Y. Koya and T. Tak- 
abatakc, and anthropometric investi- 
gations on the Marshall Islands, by M. 
Samejima are in German. The last con- 
tribution, by T. Takabatake, Y. Kato and 
T. Fukuda, is a series of tables showing 
relative head breadths and head lengths. 
Y. Kato and N. Fukuda arc in German. 
The other contributions arc in Japanese but 
the extensive tabular material is supplied 
with German headings, thereby maxing 
them understandable to readers not famil- 
iar with Japanese. 



Science and Social Change. 

Compiled by Jesse E, Thornton. The Brook- 
ings Institution^ Washington^ D. C. $3 .00. 
9 X 6 ; xi + 577; 1939* 

This volume contains reprints of approxi- 
mately fifty papers dealing with some of 
the aspects of the interrelationships among 
such fields of intellectual endeavor as 
biology, engineering, economics and so- 
ciology. Included are extracts from the 
writings of learned men from Karl Pear- 
son and Robert A. Milliken to Walter 
Lippman and Waldemar KaempflFert. In 
the majority the articles are products of 
modern writers, but a few classics, John 
Stuart Mill for example, are also repre- 
sented. This anthology may prove useful 
as a source of quotations for the persons 
who are overtly preoccupied with the 
influence of science on society but in 
general the articles contribute very little 
to an elucidation of the problem. 



Faces we See. 

By Mildred G. Barnwell. Southern Combed 

Yam Spinners Assoc. ^ Gastonia^ N. C. 

$3.00. II X 8i; iil; IQ39. 

Many people have thought that southern 
cotton-mill ^rkers live amidst back- 
woods squal(^ It is to banish this idea 
that this book has been published. Most 
of the pages are devoted to photographs 
showing mill folks at work, at school, at 
home and at play. Interspersed are de- 


scriptions of family life, with particular 
emphasis on the financial status of these 
people and its vast improvement within 
recent years. “Steady emplovment, good 
wages, ample leisure time, pleasant com- 
munity life have made of cotton mill 
workers a people of integrity and charac- 
ter who lead simple, normal American 
lives, who wonder what part of the South 
folks are talking about when it’s called 
Economic Problem No. i.” 

[Reginald, the Office Boy, who is getting 
so leftish that he walks sidewise like a 
crab, says that it is a devil of a note that 
nobody around this office can spot capital- 
istic propaganda even when it stinks.] 



Family Income and Expenditures. 
Pacific Region. Part /, Family Income. 
United States Department of Agriculture Mis- 
cellaneous Publication No. 33^. 

By Day Monroe^ Marjorie S. Weber, and 
Helen Hollingsworth. U. S. Department 
of Agriculture, Washington, D. C. 35 
cents. 9i x 5!; iv + 380; 1939 (paper). 
This study was undertaken in 1936 to pro- 
vide comprehensive data on the way 
American families earn and spend their 
incomes. Part i of this report presents 
data on the income for the native-white 
unbroken families studied in small cities 
and villages in the Pacific States. Part z 
deals with the distribution of total expen- 
ditures, and the relationship between 
income and expenditures. Over half the 
study is devoted to appendices which in- 
clude all the factual data in table form. 



Runner of the Mountain Tops. The Life 
of Louis Agassiz,. 

By Mabel L. Robinson with decorations by 

Lynd Ward. Random House, New York. 

$3.00. 8J X 5J; [iz] + 190+8 plates; 

193^* 

This IS the very beautiful story of the life 
of a great man, told for children by one 
who knew him personally. It is illus- 
trated with colored plates from Agassiz’s 
works, but there is no index and no docu- 
mentation. The brief biblioeraphy in- 
cludes such items as Longfellow’s and 
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Whittier’s poems, but it omits the appre- 
ciative intopretation by Le Conte. 



Man Makbs Himself. 

By V, Gordon Childe, Oxford University 
Press^ New York. $175. yf x 5; xii + 

V 55 1939* 

This is an American edition of a well- 
known work first published in England 
several years ago and reviewed in these 
columns in Vol. ii, No. 1, p. xi8. The 
two editions do not appear to differ in 
any way. 
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Field Book of Animals in Winter. 

By Ann H. Morgan. G. P Putnam's Sons^ 

New York. $3.50. 6J x 4; xv + 517 + 

16 plates; 1939. 

This excellently prepared little volume is 
the result of many years of keen field ob- 
servation and painstaking compilation of 
data regarding all forms of animal life in 
their struggle to survive the rigors of 
winter weather. A large number of in- 
vertebrate as well as vertebrate organisms 
are followed through their winter cycle 
of activity, and the story of their mode of 
survival irom early winter to late spring 
is told. The author has tirelessly tracked 
down even the smallest insects to find out 
something about their winter habitats, 
their economy, their latest fall and earliest 
spring activity, and their ways and means 
of setting up in the business ot replenishing 
their kind for the next season. 

There is an abundance of illustrative 
material, both graphic, photographic, and 
in color plates . A number of charts show- 
ing seasonal cycles of habitat, food, and 
activity have teen included. The list of 
references for each chapter (each dealing 
with a single phylum) and the complete 
index add value to the book as a reference 
or field guide. The volume will undoubt- 
edly find its way into the hands of a 
variety of professional and lay users, in- 
cluding the professor of natural history 
or aoology, the hunter, the trapper, or 
even the high school boy and girl who 


have an interest in the living things about 
them. 

* 

Nomenclator Zoolooicus. a List of the 
Names of Genera and Sub genera in Zoology 
from the Tenth Edition of Linnaeus jjyS to the 
End of ig^S‘ Vol. I. A-C. 

Edited by Sheffield A. Neave. The Zoolofi- 
cal Society of London^ London. Subscrip- 
tion price for the complete work of four 
volumes, 8 guineas, post free. 9x6!; 
xiv -1- 958; 1939 (paper). 

This is an attempt to list alphabetically all 
the generic names published from the tenth 
edition of the Sy sterna naturae of Linnaeus 
down to the present day. The editor 
states in his preface that there are 2.2.5,000 
entries, and by making allowances for 
alternative spellings and cross references 
this number may be reduced to 191,000. 

The reviewer who contemplates a work 
of this magnitude can sympathize with 
Xerxes standing beside the Hellespont, 
who is reported to have wept because out 
of his army of over two million not one 
would be alive at the turn of the century. 
Similarly this work will be out of date 
before it is printed, for the modern army 
of systematic zoologists are using mass 
methods of production to encumber the 
literature of the science with new generic 
terms at the rate of four or five a day. 
What systematic science needs is a Nometh 
clator that shall be issued periodically, 
reporting all new names, and perhaps pub- 
lishing synonomies and other helpful 
matter. Such a work might [obviate the 
nuisance of authority citations, by sub- 
stituting a reference to the issue of the 
Nomenclator in which the name appeared. 

This work should earn the undying 
gratitude of all systematists who take 
nomenclature seriously. 



Food of Game Ducks in the United 
States and Canada. United States De- 
partment of Agriculture. Technical Bulle- 
tin No. 6^4. 

By A. C. Martin and F. M. Uhler. United 
States Department of Agriculture^ Wash- 
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D. C. 40 cents. 9I x 5!; 157 + 
153 nlatcs; 1939 (paper). 

Food Habits of North American Diving 
Ducks. United States Department of Api- 
culture, Technical Bulletin No. 64^, 

By Clarence Cottam, United States Depart- 
ment of Apiculture^ Washington^ D. C. 
30 cents. ^ X 5!; 140 + 10 plates; 

Bot^of bulletins are based on mate- 
rial from stomach analyses made by the 
Biological Survey for the past half century. 
Widespread increase of interest on the 
problem of duck conservation and restora- 
tion has created a demand for knowledp 
of the food habits of these birds. The 
first bulletin supplies statistical data on 
the types of plants consumed. Each plant 
is described and its range pictured on a 
map of North America. Identification of 
the plants is simplified by the inclusion of 
153 plates. The propagation and culture 
of these duck fooas for depleted areas and 
new refuges is also included. 

The second bulletin gives the food 
habits of each duck (except the mergan- 
sers), which includes the method of feed- 
ing, types of food chosen, food of adults 
and juveniles, etc. Both of these volumes 
provide all the necessary information for 
a sound conservation and restocking 
program. 



Principles of Forest Entomology. Sec- 
ond Edition, 

By Samuel A. Graham, McGraw-Hill 

Book Co,^ New York and London. $4.00. 

9 X 6; xvi + Aio; 1939. 

This book, in which emphasis is placed on 
the influence of insects on the forest rather 
than on the insects themselves, first 
peared ten years ago (cf. Q.R.B., Vol. Iv, 
p. 577). Even within such a relatively 
short period as this it may happen that 
insects that were once pests have lost their 
foothold and have either dropped into 
obscurity or have become innocuous while 
the formerly unimportant or unknown 
insects have become widespread pests. 
The author’s main approach, as in the 
earlier volume, is through a consideration 
of general underlying principles selecting 
certain insect species *‘to illustrate how 


these principles apply in individual in- 
stances." whenever necessary, sections 
have been revised, new information is 
given on various forest insects which have 
recently become economically important. 
The chapter on insect abundance and the 
sections on termites and on bark beetles 
have been almost entirelv rewritten, and 
the bibliography revisea and extended. 

» 

Our Small Native Animals. Their 
Habits and Care. 

By Robert Snedigar, Random House^ New 
York. $1.50. 8i X 5f; [10] + 308 -j- 
16 plates; 1939. 

Most of us have the desire to keep some 
animal as a pet. Wild animals would fre- 

3 uently be welcomed instead of the usual 
omesticaced kinds but for the fact that 
thev apparently are so hard to keep. Ac- 
tually tneir care is no more involved than 
that which a common house pet entails, 
provided one uses a little common sense 
and a little knowledge of natural history. 
This book provides information for those 
interested in keeping wild animals 
whether at home or in a 200. Since their 
care is tied up with the habits of the par- 
ticular species some space is devoted to the^ 
behavior of the animal in the wild. Types 
of food, cages, traps, and methods of Han- 
dling for the most common mammals, rep- 
tiles, and amphibians are described. Since 
birds cannot legally be caged, methods of 
feeding and attracting them are men- 
tioned^ The author wisely stresses the 
fact that the owner should always strive 
to understand the animal’s point of view 
for its reactions, even when the finger is 
severely bitten. 



Further Experiments in the Breeding 
OF Oysters (Ostrea edulis) in Tanks. 
Fisheries Investigations^ Series II, Vol. XFI, 
No. 4- 

By H. A. Cole. His Majesty* s Stationery 
Office. London. (Obtainable in Amer- 
ica from the British Library of Informa- 
tion, xjo Madison Ave., New York). 
18. net. loj X 7; 51; 1939 (paper). 
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This publication describes the method 
employed and the success obtained by the 
autnor in his oyster-breeding experiments 
made during 1937 and 1938 in large con- 
crete tanks at Conway, North Wales. 
From the data at hand, there appear to be 
enormous commercial possibilities in start- 
ing the spats on limed tiles in tanks. The 
larvae can be accelerated in growth and 
encouraged to settle earlier by controlling 
the organic food supply of the flagellate 
protozoa which make up the greater part 
of the diet of larval oysters. 

The relation of temperature to the 
spawning among ripe females, and to 
growth of oyster larvae is not clearly 
understood, but it is thought that a sudden 
change in temperature, particularly a rise 
of several degrees, will stimulate both. 
The general conclusions herein reached 
point to the fact that the natural supply 
of oysters may be augmented by hatening 
and caring for the immature forms in ex- 
perimental tanks. 



The Migration and Conservation of 
Salmon. Fublication of the American Ass0‘ 
elation for the Advancement of Science No. 8. 
Edited by Forest R. Moulton. The Science 
Press, Lancaster, Pa. $1.00. loj x yf ; 
106; 1939. 

This publication represents the contribu- 
tions of some nine distinguished investiga- 
tors in the field of migration and conserva- 
tion of salmon. It is the first A.A.A.S. 

f )ublication to be devoted to a purely bio- 
ogical subject. 

It is evident that much is yet to be 
learned about the migration of salmon, 
but several interesting conclusions have 
been reached. The first is that the salmon 
of a given species may in a particular 
locality represent a more or less distinct 
entity, for which the term “stock” has 
been chosen. There are numerous dif- 
ferences between these local stocks, but it 
is not yet known whether or not these dif- 
ferences arc heritable. A second discovery 
is that salmon return predominantly to the 
rivers of their origin. Finally, it has been 
found that proof of any general decrease in 
the stock of Atlantic salmon is lacking. 


The Distribution of Insects, Spiders, and 
Mites in the Air. U. S. Department of 
Agriculture. Technical Bulletin l^o. 

By P. A. Click. Government Printing Of- 
fice, Washington. L5 cents. 9! x 5I; 

150 -f s plates; 1939 (paper). 

Vertical exploration of the earth’s surface 
is still in an embryonic state, but several 
attempts have been made to explore the 
regions beyond the confines of our two 
dimensional environment. This bulletin 
gives the results of insect trapping at high 
altitudes by airplane. Over 30,000 speci- 
mens of insects and their relatives were 
taken at altitudes ranging from 10 to 
15,000 feet. It was found that size, 
weight, and buoyancy of the insect arc 
involved in the determination of the 
height at which it was captured. Tem- 
perature, intensity of air currents, convec- 
tion and turbulence were found, among 
others, to affect the number of insects 
caught and their dispersal. Collections 
were made during the day and night in 
every month of the year and the results 
of these collecting trips are fully tabulated. 
The technique employed is also explained 
and illustrated. 



The World of Insects. 

By Carl D. Duncan and Gayle Pickwell. 

McGraw-Hill Book Co., New York and 

London. $3.50. 9 x 6; ix -f- 409; 1939. 
Insects arc among the earth’s most interest- 
ing creatures and the more that is learned 
concerning them, the more wonderful 
appears their adaptibility and instincts, 
their anatomy and physiology, their use- 
fulness and destructiveness, their numbers 
and kinds. The authors of this book suc- 
ceed in portraying these characteristic 
features of insects without resorting to dry 
scientific terminology. Whenever ento- 
mological terms arc used they arc fully 
explained and consequently the book reads 
like a novel, is as interesting as a biog- 
raphy, and as informative as a text. 
Many illustrations aid in making this a 
most excellent addition to the general 
literature on insects. 
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P&OTOZOOLOOT. Enlarud and comfUtely 
nwritttn edititm of Handbook of ProtoZfiology . 
By Rickard R. Kudo. Ckarles C Thomas^ 
Stringfield^ III., and Baltimore. $6.30. 
8} X xi + 689; 1939. 

This work is advertised as a second edi- 
tion, but in reality it is a new work. The 
text has been completely rewritten and 
expanded to half again its former size, the 
illustrations are enlarged in size and in- 
creased in number, and an improved tax- 
onomy has been employed. Even the 
name has been changed. 

The Mycetozoa, generally claimed by 
the botanists, are included; if this step is 
justified the nomenclature should have 
been modernized, for at least one generic 
term used in this group has been pre- 
occupied in Mollusca for more than a 
century. The index covers 47 pages and is 
very exhaustive. 



ZooLOOicA. Scientific Contributions of the 
New York Zoological Society. Volume XXIF, 
Part 2, Numbers 

New York Zoological Society^ Zoological 

Park^ New York. $1.15 . loj x 7; 100 4 * 

II plates; 1939- (paper). 

By far the longest paper in this scries is the 
first (No. 6) on Deep-sea fishes of the 
Bermuda c 3 ccanographic Expeditions: 
Family Mclanostomiatidac (pp. 65-139, 
77 text figures), by William Beebe and 
^sclyn Crane. The other papers arc on 
The eye structure of the four-eyed blcnny, 
Dialommus fuscus Gilbert; Studies on virus 
diseases of fish. III. Morphological and 
experimental observations on the lympho- 
cystis disease of the pike perch, Sti^ostedion 
vitreum; and Studies on fymphocystis dis- 
ease in the orange filensh, Ceratacanthus 
schoepfii (Walbaum), from Sandy Hook 
Bay, N. J. 



Thb Chisbl-Tooth Tribb. 

By Wilfred S. Bronson. Illustrated by the 
Author. Harcourt^ Brace and Co.^ New 
York. $1.00. 8 J X 6 ; [ 6 ] + 200 -f- 
4 plates; 1939. 

In this generously illustrated volume, the 


author attempts to acquaint the younjg 
with the habits, ^pearance, and activi- 
ties of the manv dittcrent kinds of rodents, 
^tcr an introauctory chapter on the tribe 
in general, the author goes on to give the 
reader personal glimpses into the lives of 
tree squirrels, ground squirrels, prairie 
dogs, woodchucks and beavers. Two 
chapters arc devoted to the remarkable 
feats of the rat and mouse, while the chin- 
chilla, porcupine, and rabbit also have 
their place. The volume contains much 
of interest to the young naturalist. The 
illustrations, in color and black and white, 
are both attractive and amusing. 



Turtles of the United States and 
Canada. 

By Clifford H. Pope. Alfred A. Knopfs 

New York. $3.75. 8f x 5!; xviii + 

343 + v; 1939- 

A great amount ot labor has gone into the 
writing of this book, which describes pri- 
marily the distribution, habitat, and 
habits of the 63 species of turtles living 
in North America and on its shores. Fur- 
ther data are given on anatomy, reproduc- 
tion, oflFspring, and rate of growth. As 
an introductory chapter much information 
is presented on the lives of turtles in gen- 
eral. Intrinsically interesting as the 
material is, the writer, in a forced effort 
to make his book entertaining, frequently 
indulges in sad witticisms that smell a 
little. Pictures are abundant and the 
bibliography is extensive. 



The Littoral Fauna of Great Britain. 
A Handbook for Collectors. 

By N. B. Bales. With a Foreword by 
Stanley Kemp. The University PresSy Cam- 
bridge; The Macmillan Co.^ New York. 
8J X 5i; xvi + 301 + 14 plates.; 1939. 
This book gives keys to the more common 
species of creatures to be found in the 
waters of the British coast. Because the 
literature on the inhabitants of littoral 
areas is scattered the author has set out to 
make it possible for the collector to iden- 
tify his specimens down to the genus and 
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in some cases to the species, in this handy 
manual. Drawings of the morphology of 
representative specimens of the larger 
groups help in comprehending the descrip- 
tive terms used in the keys. There is an 
appradix which gives hints on shore col- 
lecting, and instructions on preserving 
material. 


Indbx-Catalooub of Medical and Vbt- 
BBiNABY ZooLooY. Part Authors: C 
to Cs(jgan, U. S. Department of Agriculture, 
By Albert Hassall^ Mildred A, Doss^ 
Marion M. Parr^ Gertrude B, Carson and 
Dorothy Bero. Government Printini Office^ 
Washington, 40 cents. 9J x 51; 613- 

961; 193? (paper)- 

Hassell and his able assistants have now 
brought forth the third part (cf. Pts. i, 
X, Q. R. B., Vol. ij, p. 468) of this valu- 
able reference work to medical and vet- 
erinary 2oolo^. For those who have the 
first two numbers, we make the suggestion 
that there be no delay in obtaining the 
third since the catalogue is not intended 
for general distribution and the edition is 
limited. The price is so very low for each 
number that the total amount expended 
when the catalogue is completed will be 
comparatively small. 


Kongo. The Elephant, 

By E, CadwallMer Smith, Illustrated by 
Anne Vaughan, Alfred A, Knopf, New 
York, $x.oo. 9i x 6i; [8] + 78; 1939. 
Simply and pleasantly told is this story of 
Kongo — ^how he was born and grew up in 
the middle of an African jungle and finally 
became king of the herd. His adventures, 
battles and romance should be of more 
than fictional interest to the young reader 
as the author has used in his story only 
elephant facts which have been reliably 
checked for their accuracy. The illustra- 
tions, both in color and black and white, 
are unusually attractive. 


Laboratory Dirbctions in Gbnbral 
Zoology. Third Edition, Kevised. 


By Winterton C. Curtis and Mary J, Gutlh 
rie, John Wiley and Sons, New York; 
Chapman and Hall, London, $1.50. 
9 X 6J; xxxiv + 195; 1939. 

This edition (cf. Q. R. B., Vol. 9, No. i 
for second edition) has been thoroughly 
revised, the work in vertebrate embry- 
ology extended, a section on heredity and 
variation (in which experiments on Dro- 
sophila have been outlined) added and the 
number of figures increased. The changes 
have been made to accord with the third 
revision of the author’s Textbook of General 
Zoology, 


A Check List of North American Am- 
phibians AND Reptiles. Fourth Edition, 
By Leonhard Stejneger and Thomas Barbour, 
Harvard University Press, Cambridge, 
9i X 6; xvi + 107; 1939. 

This useful check list last appeared in 1933 
(cf. Q. R. B., Vol. 9, p. 1135 - The present 
edition follows the same plan of the earlier 
editions but it is larger than the third by 
about 10 pages . A good deal of new mate- 
rial has been added and some changes in 
classification have been made. 


Life Histories of North American 
Woodpeckers. Order Piciformes, Smith- 
sonian Institution, U, S, National Museum 
Bulletin IJ4, 

By Arthur C, Bent, Government Printing 
Office, Washington, 50 cents. 9} x 6i; 
yiii + 334; 1939 (paper). 

This long and complete study of the North 
American woodpecker discusses in detail 
the habits and distribution of over 60 
subspecies . Many excellent photographs, 
a long bibliography and a complete index 
are included. 


BOTANY 

Bio-Dynamic Farming and Gardening. 
Soil Fertility, Renewal and Preservation, 

By Ehrenfried Pfeiffer, Translated from 
the German by Fred Heckel, Anthropo- 
Sophie Press, New York; Rudolf Steiner 
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PMishing Co., Loudon. $j..X 5 . 8 x 5 i; 
vii + ixo; 1938. 

Based on Goethe’s concept of the “organic 
whole” of natural processes, Rudolf 
Steiner has worked out a system of agri- 
culture which he believes is biologically 
correct, and therefore economically most 
rofi table. Rotation of crops is involved, 
ut the return to the soil of specially 
treated manure is the key-note of the sys- 
tem. Instructions for the handling of 
compost piles, and formulae for the rea- 
gents used in preparing manure for its 
return to the soil, will be furnished by the 
author upon proper request. A hint as 
to the nature of these preparations is con- 
tained in the following quotation: 

control can be obtained by the use of certain plant 
preparations which induce the right kind of fermen- 
tation. This is done by the use of various plants 
which have always been employed also as medicinal 
herbs, such as: camomile, valerian, nettle, dandelion, 
horsetail, etc. These plants are themselves first 
put through a long fermentation process, binied at 
specific depths in the earth in close contact with cer- 
tain parts of an animal organism. The process can 
be described by saying that through a kind of hor- 
mone influence the fermentation is guided in a definite 
direction [p. 45-46]. 

The initial quality of the manure is impor- 
tant; and this is uependent on proper stock 
feeding, which improves the health of the 
animals, and in la^t analysis contributes 
to the health of man. Crops grown on 
properly treated soil are of better quality, 
and in some cases, according to the author, 
they have had definitely beneficial effects 
in the treatment of digestive disorders. 



Cattle Fodder and Human Nutrition, 
With Special Reference to Biological Nitrogen 
Fixation, 

By Artturi I. Virtanen, Cambridge Uni-- 
versity Press^ London; Macmillan Company^ 
New York, $1.15. 8^ x 5^; 108; 1938, 

Investigations on nitrogen fixation in 
plants has shown that leguminous crops 
not only transfer soluble organic-nitrogen 
compounds to the soil, thereby improving 
its quality and promoting the activity of 
soil microflora, but also accumulate re- 
markably large quantities of amino-acids 
and proteins in their own structure. 
Legumes are thus in a position to play a 


decisive r 61 e in the production of milk, to 
make it economically profitable and bio- 
logically self-supporting. The method for 
effectively exploiting their value as a cat- 
tle feed is one of the most important con- 
tributions to animal nutrition in recent 
years. In four brief lectures, delivered in 
England in 1937 and now published in 
book form, the Finnish biochemist Vir- 
tanen describes how young and succulent 
legumes, rich in vitamins and in proteins 
generally, may be preserved over the win- 
ter with only slight nutritive losses. The 
winter feeding of cattle may thus be im- 
proved at reauced cost. With the sug- 
gested change in forage production winter 
milk comes to approach summer milk in 
its vitamin potency, so that the improve- 
ment in cattle feeuing is also highly sig- 
nificant for human nutrition. Thus the 
normal dietary of a people may be made 
more adequate at the source, winter and 
summer alike, without the expense of 
supplementary foods. Evidence accu- 
mulates day by day that the Finns are a 
remarkable people. 



The Economic Botany of the Kiowa 
Indians. As it Relates to the History of 
the Tribe, 

By Paul A, Vestal and Richard E, Schultes, 
Foreword by Clyde Kluckhohn, Botanical 
Museum^ Cambridge^ Mass, $1.00. 
lof X 7i; xiii + 110 -f 4 plates; 1939 
(paper). 

The possibility of using the economic 
botany, both present and past, of a par- 
ticular tribe or community of natives in 
studying their migration, their contact 
with other tribes, their industry, and in 

{ general, their success in the business of 
iving, has been grossly neglected up to 
the present time. This has been true be- 
cause of the fact that no one person has 
felt well enough trained in both botany 
and ethnology to undertake such an enter- 

E rise. The authors of the present volume 
ave exhibited excellent team work, and 
their contribution to the field of ethno- 
botanv will undoubtedly elicit the ap- 
proval of both botanists and ethnologists. 

Some 45 families of plants are listed, 
together with the different species by their 
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scientific names and the names which are, 
or have been at some time, used by the 
Kiowa Indians. The list includes every- 
thing from bear grass (Andropoion sac- 
cbaroidcs^^ which is used for tooth-picks, 
to the horse mint (Monarda Jistulosa L.), 
which is dried and powdered and used to 
rub over the head for headaches, over the 
body for treating fever, and as a remedy 
for sore eyes and colds. Chapter V lists 
these plants according to usage by the 
Kiowas. 

A list of bibliographic references includ- 
ing 58 titles, a group of 4 plates of photo- 
graphs of several important plants, and a 
complete index make up the remainder of 
the volume. 



Plant Physiology. A Textbook for Colleges 
and Universities^ 

By Bernard S. Meyer and Donald B, Ander- 
son, D. Van Nostrand Co.^ New York, 

$4.50. 9 X 6; X + 696; 193Q. 

Written to aid students, and not, as is 
usually the case, to impress professors, this 
text is one of the best elaborated in recent 
years. The first 60 pages deal adequately, 
clearly, and simply with the physico- 
chemical phenomena to be used in the 
treatment of the subject matter. Con- 
tinual reference is made to the phases in 
plant physiology to which the phenomena 
under discussion apply. The extensive 
use of many structural formulae and chemi- 
cal equations will del^ht those readers 
chemically inclined. The utilization of 
many graphs and tables help greatly to 
make the explanations used completely 
understandable. 

The bibliographies presented at the ends 
of the chamers, although selected, are 
extensive. The lists ot questions ap- 
pended to most of the chapters will both 
aid the student to summarize his reading 
and will, as put by the authors, act as **a 
catalysis of class discussion." The addi- 
tion of a history of plant physiology, how- 
ever, would have made for a more com- 
plete book and given the student a clearer 
concept of the gradual growth of the 
subject. 


The Anaerobic Bacteria and Their Ac- 
tivities IN Nature and Disease. A Sub- 
ject Bibliography (In Two Volumes), Vol- 
ume I; Chronological Author Index, Volume 
II, Subject Index, 

By JBlizabeth McCoy and L, S, McClung, 

University of California Press ^ Berkeley, 

$10.00 for the two volumes, ii x 8i; 

Vol. I: xxiii -|- 195; Vol. II; xi + 601; 

1939- 

Here in two volumes is a bibliograj^y 
that has many useful features. The 
Chronological Author Index lists alpha- 
betically by senior author within each 
year all articles on anaerobic bacteria 
available to the compilers. Beginning 
with 7 theses in 1816, the number of titles 
per year has grown until, in September 
1938, when the bibliography went to 
press, over 100 articles had appeared in 9 
months. The Subject Index presents an 
organization of the literature on anaerobic 
bacteria which is interesting in its own 
right. The subject index outline, cover- 
ing pages, has categories for all imagin- 
able phases of bacteriological study. In 
each sub-section, references arc again given 
alphabetically by senior author within 
each year. Titles of articles may be found 
by referring to volume I. Also included 
arc several special indices to the bibliog- 
raphy itself, which arg helpful in its use. 



Dating Prehistoric Ruins by Tree-Rings. 
General Series ^ Bulletin No, Eight, 

By W, S, Stallings^ Jr, Laboratory of 
Anthropology^ Santa Fe^ New Mexico, 
50 cents. 9^ X 6J; zo; 1939. 

This is a brief essay on the discovery, de- 
velopment, methodology, and applica- 
tions of dendrochronology (study or tree- 
rings). In 1901 Dr. Andrew Ellicott 
Douglass of the University of Arizona 
began the study of tree-rings in relation to 
climatic problems, but it was not until 
1914 that the cross-dating or cross-identi- 
fication of annual tree-ring patterns was 
applied to the study of archaeology. This 
method of dating archaeological ruins 
came about as a by-product of Douglass’s 
interest in climatology. It has subse- 



NEV BIOLOGICAL BOOKS. 


99 


g[ucntly proved to be one of the most 
important contributions ever made to 
American archaeology. Through this 
work on tree-ring chronology actual dates 
for the ruins of the Basketmakers and the 
Pueblos of the Southwest have been estab- 
lished. The author has very simply and 
clearly explained the methodology and 
application of tree-ring study to archae- 
ology. This brochure should serve as an 
excellent introduction to any further read- 
ing in a little-known field. A small but 
comprehensive bibliography is appended. 

* 

Man against Microbe. 

By Joseph W, Bigger. Macmillan Co.^ 
New York. $1.50. yf x 5J; 304; 1939. 
To the biologist this book may not seem 
very fundamental. But the author states 
that he is writing for the educated layman, 
and from this viewpoint it is an excellent 
introduction to microbiology. 

After a brief essay on Antony van Leeu- 
wenhoek and his work, the reader is told 
of the different kinds of microbes, methods 
of studying them, how man becomes in- 
fected, and how the body resists invasion. 
The second part is an interesting treatise 
on the history of microbiology from the 
earliest studies on spontaneous generation 
to relatively recent work in immunology 
and chemotherapy. Particular emphasis 
is placed on the contributions of Koch, 
jenner, Pasteur, Metchnikoff, Ehrlich, 
Bordet, and d'Herclle. 

According to modes of transmission of 
the causative agents, numerous diseases 
and their epidemiology are discussed. A 
good index and glossary help to make this 
a suitable volume for the general reader. 

* 

Trees of the South. 

By Charlotte H. Green. University of 
North Carolina Press, Chapel Hill. $x.50. 
8ix5f;xiv+ 55^i^9}9- 
The purpose of writing this volume was, 
in the words of the author, **. . . to arouse 
an understanding, and an appreciation of 
trees, for their beauty, their wonder, and 
their use.** Mrs. Green*s love of nature. 


and her intimacy with living things have 

f iven her volumes Birds of the South and 
rees of the South lasting charm and genuine 
interest. 

The present volume begins with a brief 
description of the parts or a tree and their 
functions; the flowers, fruits and seeds of 
a tree; and the uses of trees. There fol- 
lows a detailed description and classifica- 
tion of some xy families of familiar south- 
ern trees. Each species is described and 
photographed in its own setting. There 
are additional photographs of bark, leaf, 
bud, blossom, etc., that will aid in identi- 
fying and classifying each species. A 
table of contents and a useful index com- 
plete this excellent volume. 



The Biology of Bacteria. An Introduction 
to General Microbiology . Second Edition . 

By Arthur T. Henrici. D. C. Heath and 

Co., Boston. $3 .60. X 5J; xiii + 494; 

WhiL this text deals in the main with 
bacteria, a considerable part of the work 
has to do with protozoa and fungi and 
other forms of microbic life. It was de- 
signed for the general or nontechnical 
student who would take but one course in 
microbiology, or as an introductory course 
for other students who would be taught 
particular applications of the science in 
advanced courses. In the second edition, 
some revision has been made in almost 
every chapter; the nomenclature and classi- 
fication of bacteria have been changed to 
conform to the fifth edition of Bergey*s 
Manual; two new chapters have been 
added dealing with the effect of environ- 
mental factors upon bacteria and with the 
distribution of bacteria in soil, water, 
milk, and the human body. 



Pflanzenzuchtung. Satnmlung Goschen 
Band 11)4. 

By Hermann Kuckuck. Walter de Gruyter 
und Co., Berlin. EM. 1.61. 6x4; 
115; 1939. 

The practical aspects of plant culture are 
stressed in this small volume. The illus- 
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trative examples presented for the demon- 
stration of various methods are largely 
confined to vegetables and cereals. Two 
short chapters give the essentials of plant 
pathology and plant physiology whicn the 
horticulturist should know. A short 
selected bibliography, a glossary of the 

E rincipal technical terms, and an index 
ave oeen provided. 



Growing Plants without Soil. The 
A. B. C, of Plant Chemiculture. (Soilless 
Amculture^ Chemiculture^ Water Culture^ 
n^droponicSf Tank Farmings Sand Culture^ 
Incluaini Plant Growth Hormones and 
Their Use, 

By D. K, Matlin, Chemical Publishing 

Co,^ New York, $l.oo. 8i x 5J; [10] + 

139; 1939- 

This hand-book on plant chcmi-culturc 
has grown out of a course given by the 
author to a class at the Belmont Evening 
High School in Los Angeles. It is well 
suited for high school work, or for the 
man in the street who has chosen this 
interesting phase of botany for his hobby. 



MORPHOLOGY 

Basic Methods tor Experiments on Eoos 
OP Marine Animals. 

By Ernest E, Just. P, Blakiston s Son and 
Co.^ Philadelphia, $i.X5. 9 x 6; x -f 
89; 19^9. 

The author sets forth basic methods for 
the handling of eggs and spermatozoa of 
marine invertebrates in experimental em- 
bryological investigations. The book, 
containing the author’s notes on his labo- 
ratory methods, was written in direct 
response to the need evinced by embryolo- 
gists for good, safe laboratory methc^s 
such as those used with success over a 
period of vears by an experienced investi- 
gator. The author outlines general work- 
ing conditions and precautions to be fol- 
lowed in the laboratory; the criteria for 
normal development of marine eggs; gen- 
eral considerations of methods for han- 
dling eggs and spermatozoa in the labo- 


ratory and specific methods for handling 
those species which are most often used 
by ex^imental embryologists; some 
methods for preliminaiy experimental 
manipulations; and methods of fixation, 
clearing and imbedding, and staining. 
There is also an appendix in which the 
author gives the four classes into which 
eggs are divided according to the stage of 
maturation in which fertilization occurs 
in dififerent species; the summary of means 
by which experimental parthenogenesis 
may be elicitea in various eggs; and proto- 
cols on fixation and staining with iron 
haematoxylin and safranin. The book is 
bound in wire-o binding, a convenient 
form for laboratory use. An invaluable 
aid to experimental embryologists and 
cytologists. 



Form- und Stoffwechsel der Goloi- 
Korper. Protoplasma-Mono graphien 

Band 18, 

By Gottwalt C. Hirsch, Gebruder Bom- 

traeger^ Berlin. RM. 18. 8f x 5f; 

xi + J94; 19J9. 

The problem the author has posed is: 
What r 61 e does the Golgi apparatus play 
through its changes of form and content in 
the restitution of specific products in the 
cells? In an attempt to at least clarify 
some points necessary for its solution, he 
reviews and synthesizes in this monograph 
the literature, to which he himself has 
contributed much. Most of the work dis- 
cussed at length has been done since the 
appearance orjacob’s DasGolgische Binnen* 
apparat (1917) and G. Hertwig’s Allge- 
meine mikroskopische Anatomie der lebenden 
Masse (1919), which the reader is advised 
to study, if he has not already done so, 
before proceeding with the present survey. 

A welcome feature is a table of terms 
used, with definitions or descriptions, the 
name of the person who coined them, and 
the date, placed at the beginning of the 
book. The bibliography runs to about 
1900 titles, alphabetically arranged by 
authors. This is precedea by the litera- 
ture (authors and dates) arranged by spe- 
cific organs or tissues. The book is pro- 
fusely illustrated and adequately indexed. 
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Thb Sro&T 09 A Baby. 

By Marie Hall Ets, The Viking Press^ 

New York. $1.50. ix x 9; 63; 1939. 
The Stofy of a Baby is a verv readable book 
designed (ot both parents^ and children's 
instruction in the embryology of the ferti- 
lized egg, its various stages of develop- 
ment, the birth of the baby, hospital care 
and homecoming. It was written as a 
result of the interest evinced by children 
and adults at the exhibit of human em- 
brvos arranged by the Loyola University 
School of Medicine at A Century of Prog- 
ress, Chicago, 1935-1934* The author has 
not only carefully studied the various 
stages of uterine development, but has also 
observed living newborn babies in mater- 
nity hospitals. Thus, in addition to the 
author's excellent serially arranged draw- 
ings and diagrams of pre-natal develop- 
ment, there are delightful sketches of new- 
born babies in every conceivable sort of 
mood. 



Hundbrt Jahrb Zbllforschuno. Proto- 
plasma-Monographien^ Band 17. 

By L. Aschoffs E. Kuster^ and W. J. 

Schmidt. Gebruder Bomtraeger^ Berlin. 

RM. 16. 8| X 5J; X + 2.85; 1938. 

This volume, dedicated to Eueen Kor- 
schelt in honor of his eightieth birthday, 
may also justly celebrate the one-hun- 
dredth anniversary of cytology. It traces 
the major milestones in the progress of this 
science since its impetus in the classic 
investigations published by Schlciden 
(1838) and Schwann (1839). Kuster re- 
views the work on the plant cell, Schmidt 
that on the animal cell, and Aschoff's con- 
tribution — almost half of the volume — 
treats the foundations of Virchow's cellu- 
lar pathology and its advances. The 
treatment is necessarily sketchy in parts, 
but nevertheless the book provides a good 
survey of the subject. Bibliographies for 
the separate parts would add to its use- 
fulness. Author and subject indices have 
been provided. 

* 

Principlbs 09 Dbvblopmbkt. a Text in 
Experimental Embryology. 


By Paul Weiss. Henry Holt and Co.^ 

New York. $5.00. 8^ x 5J; xix + 601; 
I939- 

This IS an excellent comprehensive study 
of development for the advanced student 
of biological sciences . The text is divided 
into four sections: (i) the phenomena of 
development; (x) the methods of studying 
development; (3; the principles of develop- 
ment; and (4) the development of the 
nervous sjrstem. The 130 experiments 
described in the text are used to clarify 
textual discussions and may also be carried 
out in the laboratorv by the student. 
There are numerous illustrations and an 
extensive alphabetically arranged bibli- 
ography. 

The sub-title as given above is incom- 
plete as the author also takes up the ques- 
tion of post-embryonic development and 
analytical methods other than experi- 
mental. 



SuPBRFLuous Hair and Its Removal. 

By A. F. Niemoeller. Harvest House ^ 

New York. $x.oo. yf x 4^; 155; 1939. 
In this treatise, the woman with super- 
fluous hair is advised not to waste her 
time or money on so-called cures, but 
instead to apply herself to its safe and 
effective removal. This book describes 
in detail everv method and device used 
in the removal of unwanted hair. Medi- 
cal products, commercial preparations 
and home treatments are aiscussed at 
length and chapters are devoted to 
electrolysis, diathermy, and X-rays as 
well as to shaving, depilatories and other 
methods in more common use. In the 
final chapter the author gives the formu- 
lae for various home treatments and leaves 
the bewildered female to fend for herself. 



A Tbxtbook of Anatomy and Physi- 
ology. Sixth Edition y Revised. 

By Jesse F. Williams. W. B. Saunders 
Co., Philadelphia and London. $x.75. 
ih X 5 i; 6C7; i93«. 

The original plan of this excellent treatise 
remains unchanged. It presents, for the 
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student outside of medical schools (nurs- 
ing, physical education, ctc.)> a sound in- 
tegration of the knowledge of human 
structures and functions so that the essen- 
tials of anatomy and physiology can be 
studied as one subject. The revision 
has been in the direction of incorporating 
all recent advances in these fields: Chap- 
ters I, II, and III have been considerably 
reorganized. The summaries and ques- 
tions at the end of each section and the 
excellent glossary and index and the illus- 
trations, which number 367 (19 in color), 
help to make this a most useful guide for 
teacher and student. 



Allgemeinb Gewebelehre (Histologie), 
Sammlung Goschen Band 11$^. 

By Erich Kies. Walter de Gruyter und 
Co.^ Berlin. RM. 1.61. 6J x 4; 130; 

1939- 

This small volume of the Goschen scries 
is suitable for student use. The historical 
treatment (Part I) is brief, emphasis 
being placed on the new methods dis- 
cussed in Parts II (general) and IV (spe- 
cial, by type of organ or structure). 
Part III discusses in thirteen pages the 
structure and functional phenomena of 
cells and tissues. A glossary and an in- 
dex have been provided. The bibli- 
ography is confinca to a few German and 
French textbooks. 

i 

An Introduction to Human Anatomy. 
Second Edition, Revised. 

By Clyde Marshall. W. B. Saunders Co., 
Philadelphia and London. $1.50. 8f x 
5iJ }88; 1939. 

This useful elementary text (cf. mention 
of first edition, Q.R.B., Vol. ii, p. 2.43) 
has been revised so that 

it mif ht better achieve its aim which is to supply in 
addiuon to the facts of anatomy, in the narrow 
sense, a brief account of the functional activities of 
the different organs and of related problems of prac- 
tical interest. ... A number of new fiwes have 
been added, and a great many more have been clari- 
fied and improved. 


PHYSIOLOGY AND PATHOLOGY 

Nutrition and Physical Dboenbratiom. 
A Comparison of Primitive and Modem 
Diets and Their Effects. 

By Weston A. Price. Foreword by Earnest 

A. Hooton. Paul B. Hoeber, Inc., Medical 

Book Department of Harper and Bros., New 

York am London. $5.00. 9i x 6; xviii 

+ 431; 1939- ^ ^ ... 

According to the author, primitive 
peoples not in close contact with the 
white man have well-developed mandibu- 
lae and little evidence of dental decay, 
while those primitive peoples that have 
acquired some of the habits of the white 
man frequently develop facial malforma- 
tions and carious teeth. The reason. 
Price opines, is that when left to himself 
primitive man adheres to the food habits 
which centuries of experience have shown 
to be most satisfactory for all physio- 
logical requirements, but when he be- 
comes closely acquainted with the customs 
of the white man he learns about foods 
which do not contain all the necessary 
elements for health. This deduction is 
based on the premises that malnutrition 
(avitaminosis especially) attributable to 
or correlated with the mores of modern 
civilization is responsible for the prev- 
alence of dental caries. To substantiate 
his conclusions the author reports some 
of his observations as well as those of 
others, comparing the dental state of 
isolated and modernized subgroups of 
such peoples as the Swiss, Gaels, Es- 
kimos, North American Indians, African 
natives, Melanesians, Polynesians, Aus- 
tralian, Maori, and Peruvian Indians. 
More than by a statistical presentation 
of evidence the writer reinforces his argu- 
ments by the case method. He includes 
in this book many beautiful photographs 
of perfect denture in the primitives and of 
malformed jaws and extensively carious 
teeth in the modernized. The illustra- 
tions are so striking that they resemble 
the * ‘before and after’’ treatment adver- 
tisements, a fact which together with a 
marked tendency to overstatement de- 
tracts from the strength of the arguments 
regarding the two main points of the 
book; VIZ., (a) the relation of diet to 
dental decay, and (b) the manifestations 
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of Mimitive wisdom in the selection of 
food. A short bibliography is appended 
to each chapter and there is a very lauda- 
tory preface by Prof. E. A. Hooton. 

La Fragility Ossbusb Cong6nitalb QMa - 
ladie Durante), 

By H, Fulconis, Masson et Cie^ Paris, 

i8 francs. 9x6; 134; 1939 (paper). 
The problem of congenital bone fragility 
in man has long been a puzzle to the en- 
tire medical profession. It has been 
found that some case histories of the 
malady closely follow the Mendelian 
mechanism of inheritance, while others 
defy all the known laws of heredity. In 
some cases the bones have been found 
broken in the foetus, while in others 
fragility appears at varying time intervals 
anywhere from birth to or 14 years of 
age. 

In this excellently prepared treatise M. 
Fulconis has brought together all the 
available clinical material on the subject, 
and to supplement his fundamental con- 
clusions has presented some carefully 
planned experimental data. From the 
evidence at hand, it appears that the mal- 
ady is not connected with the processes 
of calcification or decalcification of bones, 
but rather, with faulty material (probably 
associated with the endocrine complex of 
the mother) which is built into the bones. 
The parathyroid and oestrogenic hor- 
mones seem to be the ones most concerned. 
In his experiments, the author fed young 
rats on the milk of castrated mothers, 
and they soon developed a condition 
quite similar to bone fragility in man. 
This was also the case wnen the young 
were fed the milk from partially thyro- 
parathyroidcctomizcd females. These ex- 
periments give a hint as to the causes 
which may be present in the case of the 
child after birth. The same may be true 
for the cases where the malady appears 
in the foetus, though the evidence is not 
yet clear enough to determine whether 
the cause lies within the mother, the 
foetus, or in both. 

The text is supplemented by a generous 
supply of tables, charts and photographs. 


An extensive bibliography, and an index 
complete the volume. 



Thb Physical Statbs of Protoplasm at 
Low Tbmpbraturbs. Review and Critical 
Study, Biodynamica^ No. 48. 

By J, Luyet and P, M, Gehenio, Biodyna^ 

mica^ Normandy^ Missouri, 9^x6^; 138; 

1939 (paper). 

Luyet and Gehenio in this report make a 
direct hit against the old definition of a 
biologist, namely: “a biologist is a man 
with scientific aspirations but without 
the necessary mathematical background.*’ 
They open with a very clear discussion 
of the four states of matter (gas, liquid, 
crystal, and glass). The next section of 
the report deals ably with the so-called, 
“problem of the wall” used in the study 
of heat conductivity through a solid. 
The following divisions deal with freezing 
and the frozen state, supercooling and 
the supercooled state, and finally the 
vitreous state. The authors also point 
out that the methods of measurement used 
by physicists in their most exact work arc 
no “open sesame” for the biologist and 
often give results too coarse for the deriva- 
tion of exact conclusions. 

Many photographs, drawings, and 
graphs add to the clearness of the points 
and theories discussed in the text of the 
report. The effects of low temperature 
upon protoplasm arc reviewed up to 1938. 
Inc bibliography is composed of 117 
titles. 



A CoLLBGB CoURSB IN HyGIBNB. 

By K, Frances Scott, Illustrations by 
William D, Sarunt^ Margaret J, Sanders, 
Macmillan Co,^ New York, $1.50. 10 x 

7i; loi + xxx; 1939. 

This course is divided into two main parts: 
(i) Hygiene as it concerns the individual; 
and (l^ Hygiene as it concerns the group. 
The former section deals with the anat- 
omy, physiology and psychology of the 
individual, and the latter with race, en- 
vironment, communicable diseases, and 
present-day public health work. The 
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book is intended to be suppl^ented by 
lectures, discussions, and outside reading 
from the reference list which appears at 
the close of nearly every chapter. Stress 
is constantly placed upon the met that the 
objective of a course of this type is the 
realisation that health and health habits 
should not be a constant care or a con- 
scious struggle, but rather, an unnoticed 
part of our daily routine. 

One wonders why all the references arc 
made to the female sex, when the volume 
is intended for a general college course. 
One wonders also what the reaction of a 
lively group of freshman lads would be to 
the section of the work-book which is 
devoted to a detailed record of menstrua- 
tion. These peculiarities of the volume 
are clear when it is realized that the 
author is a teacher of physical-education 
in a girls* college and the book was 
written for use in her own classes. “Es- 
pecially for Girls’* should have been 
added to the title. 



Physiology of the Uterus wifh Clinical 
Correlations. 

By Samuel K. M. Reynolds. Paul B. 

Hoeber^ New York. $7.50. 9J x 6; 

xix + ^7i 1939 

Physiologists are fortunate to have this 
book appear in print. Within its pages 
are assimilated the results of experimental 
research on the uterus carried out by 
hundreds of workers. These results are 
critically reviewed by the author who 
stands in a position in this field to select 
and criticize the material with competent 
judgment. We can do no better than to 
quote from the foreword: 

In this book an important subject is given at last the 
attention it merits. To many readers the first reaction 
will be astonishment) that so much is known about 
the physiology of the uterus, for there has been no 
previous aeneral summary of all this work now laid 
Defore us bv Doctor Rej^nolds. 

Previously the labor involved in a search for these 
reports [literatme of anatomy, physiology, pharma- 
cology and medicine] has acted as a deterrent and has 
prevented the investigator and particularly the prac- 
titioner of gynecology and obstetrics from pronting 
ademiately {rom the already numerous and iiluminac- 
ing facts on record. 


There are many illustrations and a bibli- 
ography of over a thousand references. 
A work of prime importance. 

Primitive Tuberculosis. 

By S. Lyle Cummins. John Bale Medical 
Publications^ London. los. 6d. net. 8f 
X 5i; viii + lU + 3 plates; 1939. 

This account of the incidence of tubercu- 
losis in primitive ^oples is concerned 
mostly with the African Negro and em- 
bodies the results of the author’s extensive 
clinical experience as well as the observa- 
tions of otners. The author believes that 
the high mortality of the Negro from 
tuberculosis is explained by the lack df 
immunity. 

The person who has no previous conuct with tuber- 
culosis is without the power to resist it. But the 
power to resist is gainca, in ordinary civilized cases, 
very quickly, because the ancestors have been sub- 
jected, during innumerable years, to a process of 
weeding out. . . . The ‘primitive’ man, bom with- 
out the power to resist, has not the advanuge of 
ancestors such as this. . . . Given a quiet life and 
unlaborious days,. . . he may go on to elaborate a 
kind of immunity, liable to break down, however, 
if he chances to he in unfavorable conditions, but 
sufficient for his wants if he remains in his village. 

The elaboration of this view constitutes 
the substance of this book in which the 
author discusses also theories on allergy 
and hypersensitivity. Although the au- 
thor has made a noteworthy contribution 
in summarizing interesting material, his 
inferences for the time being are to some 
degree speculations. 

* 

Clinical Diagnosis by Laboratory 
Methods. A Workini Manual of Clinical 
Pathology. Ninth Edition^ Thoroughly Re- 
vised. 

By James C. Todd and Arthur H. Sanford. 
W. B. Saunders Co.^ Philadelphia and 
London. $6.00. 9x6; 841 + 11 plates; 

1939- 

Many changes have been made in this 
widely used text (cf . mention of the eighth 
edition in Q. R. B., Vol. ii, No. 1) in 
order **to make the book more valuable 
to students, teachers, physicians, and 
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Uboraiorf workers.*’ CWiy a few of 
them can be listed. 

In the chapter on the blood, Voxel's old classification 
of anemias has been omitted, and a reclassification by 
Ottenberg substituted. Because of its simplicity, 
the old Westergren method for determination of 
sedimentation rate is now included. '. . . Some of 
the obsolete procedures in urinalysis have been 
deleted. Included in the chapter on clinical chemis- 
try is die complete technic of Bodansky for the de- 
termination of phosphate and phospfiause, with his 
tables for calcinations; the conmlete technic of the 
sulfate method of Power and Wakefield also is in- 
cluded. To the tests for liver function has been added 
the hippuric acid test. Among the new tests should 
be mentioned the technic for the determination of 
serum lipase, the technic for the determination of 
cevitomic acid and sulfanilamide in blood and urine. 



Vbrhijtuno Erbkrankbn Nachwuchsbs. 
Eine kritische Betrachtuni und Wurdiguni, 

Edited by St. Zuruchs^o^u. Benno Schwaoe 

und Co.^ Basel. ly Swiss francs. lo x 

7; 347; 1938 (paper). 

Fifteen specialists have collaborated in 
the preparation of this book designed to 
outline and critically evaluate the eugenic 
and medical measures that have thus far 
been taken in Switzerland and other coun- 
tries in an effort to prevent those who 
suffer from hereditary mental and physical 
afflictions from producing a second genera- 
tion to which they might pass on these 
disabilities. The subjects of the chapters 
include general aspects of the problems; 
specific hereditary diseases, their mode of 
transmission and methods of control; 
methods of sterilization of the male and 
female; castration, and its effects on the 
sexual, social and mental attitudes of the 
patients after operation. With regard 
to the latter there still seems to be no 
consensus of opinion. The book con- 
cludes with a documentary record of the 
laws passed in various countries in regard 
to sterilization and castration. There is a 
subject index. 



Guiding Pbinciplbs for Studibs on thb 
N utRiTiON OF Populations. Series of 
Leaffie of Nations Publications 111 . Health 
ill, I, Technical Commission on 
Nutrition, 


By E, J, Bigwood. Leaptt of Nations, 
Geneva; Colu^ia University Press, New 
York, $1.50. X 6; 181; 1039. 

As is indicated by the title, tnis mono- 
graph outlines the techniques for in- 
vestigating the food consumption and 
nutritional status of TOpulations. In the 
first part the author discusses the methods 
of estimating the food consumption of 
nations, families, and individuals, with 

{ ^articular emphasis on household surveys, 
n the sccona part Bigwood describes in 
some detail the several anthropometric, 
physiological, and clinical procedures for 
studying the individual nutritional status. 
Data culled from various sources are used 
to illustrate the subject matter and in 
addition an appendix contains reproduc- 
tions of recoras used in studies on nutri- 
tion. An adequate if limited bibliog- 
raphy is also included. 



An Introduction to Animal Physiology. 

By W, B. Yapp. The Clarendon Press, 

Oxford; Oxford University Press, New York. 

$3.00. 7i X 4; XV + 319 + 4 plates; 

1939*. 

The writer of this book states that he is 
“treading on ground where no English 
angel has been before mc“ in attempting 
to cover in one elementary volume almost 
the whole range of animal physiolo£)r. 
He warns the student that the use of nis 
book will require thought and common 
sense. We recommend it especially to 
those reviewing physiology and desiring a 
mass of data presented very economically. 
Many physiological experiments are dis- 
sected and the Kernels presented for con- 
sumption. Illustrations are given where 
their presence will aid the text. The 
table of contents and the index are well 
lanned and make for easy access to the 
ody of material present. The list of 
reading suggestions at the end of the 
book seems all too brief. 



Brucellosis in Man and Animals. 

By I, Forest Huddleson, Contributing 
Authors A, V, Hardy, J. E, Debono ami 
Ward Giltner. The Commonwealth Fund, 
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New York; Oxford University Press^ Lon- 
don. $3.50. 9 X 6; xxi + 339 + 35 
plates; 1939. 

The present volume replaces Huddleson’s 
BruceUa Infections in Animals and Man^ a 
treatise on methods of laboratory diagno- 
sis. The material in the earlier volume 
has been revised and to it has been added 
a discussion of the general clinical aspects 
of the disease plus much general informa- 
tion concerning Brucella and brucellosis 
both in this country and abroad. Three 
outstanding authorities have collaborated 
with the senior author in the production 
of the book and their combined knowl- 
edge and experience has made it an im- 
portant work for students and teachers of 
medicine, public health workers, labora- 
tory clinicians, and veterinarians. Ac- 
cording to Dr. Giltner, “Brucellosis is 
perhaps three times as prevalent as was 
tuberculosis at the time its eradication was 
begun.” In man the mortality is low 
but the course of the disease is often 
marked by repeated relapses and it may 
become chronic. The volume contains a 
number of illustrations (some colored), 
graphs and tables, an appendix of case 
reports, a bibliography of 378 titles and 
an index. 



Osmotic Rboulation in Aquatic Ani- 
mals. 

By August Krogh, University Press ^ Cam- 
bridge; Macmillan Company^ New York. 

$4.00. 8i X 5i; X4X; 1939. 

Krogh calls this review of what is known 
about the permeability of cells and tissues 
in water animals a “stocktaking.” In 
any field where observations are plentiful 
and first principles few such a review is 
important, and in this field just now it is 
especially opportune. The scope of the 
book is somewhat wider than its title 
indicates. Data on the concentration and 
regulation of sincle ions have been in- 
cluded, for it is mought that the active 
transport of ions through cells into and 
out of the bo^ fluids brings about osmotic 
regulation. The material is not arranged 
to bring out any physiological viewpoint, 
however; instead the observations are 
simply catalogued according to the major 


systematic groupings of the animals on 
which they have been made. A special 
chapter is devoted to the osmotic con- 
ditions in eggs and embryos. 



Pneumonia with Special Reference to Pneumo- 
coccus Lobar Pneumonia. 

By Roderick Heffron. The Commonwealth 
Fund, New York; Humphrey Milford, Lon- 
don. $4.50. 9i X 6; xvii + 1086; 
1939 - 

Third in the series of publications coming 
from the Massachusetts Pneumonia Study 
and Service, this book gives a con^re- 
hensive resum6 of the present status of the 
disease, especially pneumococcus lobar 
neumonia, in the laboratory and at the 
edside. Though not attempting to be 
complete in any particular pnase of the 
subject, the author brings into one volume 
material concerning the inciting agent, 
the lesions produced, and the clinical 
aspects of and the factors influencing 
treatment and recovery. The results of 
specific therapy in a large series of cases 
are included. The bibliography extends 
to over 1400 titles. The study is not only 
a picture of the current situation, but also 
a solid foundation for further advances. 

La Recherche de la Paternity par les 
Groupes Sanguins. Etude Technique et 
Juridique. 

By Louis Christiaens. Masson et Cie, 
Paris. 16 francs. 7J x 5J; 108; 1939 
(paper). 

The first half of this little book brings out 
the advances made in blood grouping since 
the initial discovery of Landsteiner. Spe- 
cial emphasis is placed on the inheritance 
of the blood groups and how the blood 
reactions of the offspring are related to 
that of the parents. The practical value 
of these physiological and immunological 
discoveries are discussed in the second 
half wherein the author demonstrates the 
importance of these facts in the medico- 
legal field. Progress in the utilization of 
blood groups as evidence of non-paternity, 
or matemitv, in the law courts of various 
countries snows that the law has been 
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rather slow in some. The social implica- 
tions of these physiological facts are dis- 
cussed, one country claiming that they are 
becoming a **propnylactic method against 
immorality". 



Maternal Care and Some Complications 
Tie Principles of Antepartum^ Intrapartum^ 
and Postpartum Care and of the Management 
of Some Serious Complications, 

Edited by F, L, Adair, University of 
Chicago Press ^ Chicago, $1.50. yf x 
5i; viii + 134; 1Q39. 

This volume, issued with the backing of 
the American Committee on Maternal 
Welfare, Inc., is a handy volume for gen- 
eral practitioners, internes, nurses and 
students. It combines the two handbooks 
Maternal Care and Maternal Care Complica- 
tions, Except for minor charges the tex- 
tual material is unchanged. The first sec- 
tion is divided into three chapters: Ante- 
partum, Intrapartum, and Postpartum. 
The second part is also in three chapters: 
Emesis and toxemias of pregnancy. Ob- 
stetric hemorrhages. Puerperal infections. 
Both sections arc clearly and simply writ- 
ten, with a minimum of technical words. 
Great emphasis is put on the importance 
of asepsis. A valuable guide. 



Die Physiolooie des Wachstums und der 
Bewegunoen. 

By E, Banning, Verlag von Julius Sprin- 
ger^ Berlin, RM. 18 (^aper); RM. 

19.80 (cloth). loi X 6f; vi + x67; 

1939- 

This second volume of the Lehrbuch der 
Pfian^enphysiologiey edited by E. Biinning, 
R. Mothes and F. von Wcttstcin, divides 
into three parts: physiology of activity 
change and growth of plants, physiology 
of their mechanisms of movement, and 
physiology of irritating effects. Each 
chapter is provided with a bibliography 
and there is an index. 

The first volume of the series, by 
Mothes, treated the physiology of plant 
metabolism. The third, and ntizX volume 
of the set, in which v. Wcttstcin will 
treat the development of plants, is sched- 
uled to appear soon, the war gods willing. 


The complete work will be a useful addi- 
tion to the plant physiologist's and 
biologist's library. 



Outline of Physiology. 

By William K, Amber son and Dietrich C, 
Smith, Illustrations by Norris Jones, F. 
S, Crofts and Co,, New York, $4.00. 
10 X 4; vii + 411; 19J9. 

The teacher will find tnis an excellent 
introduction to the study of physiology 
for the beginning college student. The 
authors have succccdca in presenting 
simple but sufficiently comprehensive dis- 
cussions of the important phases of the 
subject while formal and technical dis- 
cussions of complicated points have been 
avoided. Brief introductory material on 
modern physical and chemical concepts 
arc included. The 177 figures, many of 
them original, form an important part of 
the book. A detailed index is included. 



The Genuine Works of Hippocrates. 
Translated from the Greek by Francis 
Adams, With an Introduction by Emerson 
C, Kelly, Williams iT Wilkins Co,, 
Baltimore, $3.00. 10 x 6J; viii + 384; 

1939- 

This is by far the best printing that has 
ever been issued of Francis Adams' 
scholarly translation in the 19th century 
of the writings of Hippocrates. Most of 
the foot-notes with which Adams' trans- 
lation was so extensively supplied have 
been deleted so that a more continuous 
and connected picture of medicine in the 
Golden Age of Greece might be presented. 
There is an introduction by Dr. Emerson 
Crosby Kelly on the little-known life of 
Hippocrates, the gathering together of his 
writings, and the authenticity of the 
works recorded in this book. At the end 
of the text there arc two added sections — 
illustrations of medical instruments and 
identifications of them. 



Human Physiology. A Textbook for HigJ> 
Schools and Colleges, Eighth Edition, Ke- 
vised. 
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By Fifty G. StiUs. Fjvisid by Gard^ C. 
King. W. B. Saundifs Co.^ Fkiladilpbia 
and London. $i.x5. 8f x 450; 

To Professor Ring (lonjg an associate of the 
late Dr. Stiles) fell the task of revising 
this well-known elementary text (cf. 
7th edition^ Q. R. B., Vol. la, p. iio). 
The manner of presentation of the material 
remains largely as in previous editions 
since in many of the chapters only minor 
changes were required. Whenever it has 
been necessary to include new data, es- 
pecially in the complex held of hormones 
and of vitamines, the discussion is in 
keeping with the elementary character of 
the book. 

A Pulsating Circulation Apparatus for 
Tissue Cultures, Embryos, and Small 
Organs. University of California Fuhlica- 
tions in Zoology^ Volume 4^^ Number jo. 

By J. A. Long. University of California 
Press, Berkeley. 3^ cents. lol x 6f; 
5 + I plate; 1939 (paper). 

This two-page pa^r describes a cleverly 
devised gadget for producing a pulsating 
current in the nutritive fluid of tissue 
cultures, embryos, and small organs being 
studied under the microscope. The ap- 
paratus consists of a series of wells and 
channels, through which the fluid is made 
to circulate in a pulsating rhythm by the 
tapping of a magnetic pendulum on a 
small rubber tube connected with the 
channels. The apparatus shows con- 
siderable original thinking, ingenuity, 
and mechanical skill. 



La MhDsaNE Exp£rimbntale. Organe de 
rinstitut de midecine expMmentale de V Uk- 
raine. Numbers i and a, and Numbers 
I and 2, 

Edited by A. A. Bogomolets,, S. J. Stein- 
berg and M. M. Langer. Ukrainian So- 
ciety for Cultural Relations with Forei^ 
Countries, Kiev. Nos. i and i, 1938, 
3krb. 50 kop. each; Nos. i and x, 1939, 
^ krb. each. 9J x 6f ; No. i, 1938, 114; 
No. X, 1938, ii3;No. i, 1939, 76; No. x, 
*939» 95 i 


This new periodical is devoted tp the 
publication of research in expcnmentid 
medicine (including, of course, also clini- 
cal medicine, biology, bacteriology, phys- 
ics, chemistry and other fields whicn arc 
necessary adjuncts) in the Ukraine. In 
addition to the original articles each 
number lists the contents of foreign jour- 
nals received by the editors. The more 
important papers and publications are 
reviewed. 



Health for 7,500,000 People. Annual 
Report of the Department of Health, City of 
New York for and a Review of Develop- 
ments from ig}4 to igg8. 

By John L. Rice. Department of Health, 

City of New York. 9x6; 390; 1939. 

In this volume is given an elaborate ac- 
count of the machinery of the Department 
of Health of New York City. The 
greater portion of the book is dedicated to 
a description of the function, budget, and 
personnel of each section and service. In 
an appendix are listed the publications of 
the members of the staff during the year 
IQ37. Included in the present report are 
also the statistics of births and deaths of 
the year 1937. 



Le MfiTABOLiSME DE TAzote. La Physi- 
ologie des Substances Protdques. 11 . Di- 
gradation, Synthhe, Mitabolisme intermidi- 
aire. Fascicule i. Le Catabolisme Protidi- 
que. Caracthes, conditions, micanismes gin- 
eraux, agents exicutants et rigulateurs. Les 
Problimes Biologizes XXIII. 

By Emile F. Terroine. Presses Universi- 
taires de France, Paris. 40 francs. loi 
X xii + [8] + 164; 1Q39 (paper). 
This is one of a series of authoritative 
summaries of the present state of knowl- 
edge on the metabolism of nitrogen. The 
present number deals with the physiology 
and chemistry of protein catabolism. 
The bibliography contains 614 titles. 



BIOCHEMISTRY 

Annual Review of Biochemistry. Vol- 
ume VIIL 
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Edited by James Af . Letck and James H, C. 

Smith, Annual Reviews y Inc,y Stanford 

University P. 0 ., Cal, $5.00. 8f x 6; 

ix + 676; 1939. 

The editors state in the preface that it is 
hoped “it will be possible to recognize 
the deep penetration of biochtoist^ into 
physiolo^ by transferring [in the future] 
to the Annual Review of PhysioloM (cf. 
mention of Vol. i, in Q. R. B., Vol. 14, 
No. 4) much subject matter which, 
hitherto, the reviewers have felt obliged 
to include in the Annual Review of Bio- 
chemist^," Both of these reviews arc 
essential for a well-equipped biological 
library. 

Because of the difficulty of adequately 
reviewing the greater number of published 
works in this rapidly expanding disci- 
pline, the editors of the present Review 
**havc felt driven to the alternative solu- 
tion — the publication of reviews in which, 
in the judgment of the authors, the con- 
tributions of major significance arc criti- 
cally appraised.** The subjects as well 
as the reviewers (always outstanding 
authorities) usually change from year to 
year. Twenty-five subjects arc discussed 
in this volume. It is onlv possible to 
mention a few of these, selected at ran- 
dom. K. Linders tr0m-Lang writes on 
proteolytic enzymes; A. Tisclius on the 
chemistry of proteins and amino acids; 
R. W. Jackson and J. P. Chandler on 
metabolism of proteins and amino acids; 
E. M. Nelson and C. D. Tollc on fat- 
soluble vitamins; and C. H. Kellaway on 
animal poisons. As in previous issues 
each section is well documented and the 
volume concludes with useful author and 
subject indexes. 



Composition and Propbrtibs of Goat*s 
Milk as Compared with Cow*s Milk. 
United States Department of Agriculture, 
Technical Bulletin No, 6yi, 

By J, A, GamhUy N, R, ElliSy and A, K, 
Besley, U, S, Department of Agriculture y 
WashingtoUy D, C, 10 cents. 9i x 5!; 
71; I9J9 (paper). 

This bulletin presents the findings of a 
group of government investigators con- 
cerning the comparative chemical, physi- 
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cal and food properties of goat's and cow's 
milk. Chemically, the goat's milk was 
similar to that of Holstein milk in per- 
centage of water, protein, fat, and lactose. 
The goat's milk was found to have much 
smaller fat globules than either Holstein 
or Jersey milk, and a lower curd tension 
than the cow's milk. The essential 
difl!crcnces in vitamin potency between 
goat's milk and cow's milk were that the 
former had a slightly higher vitamin B 
and G potency, and a lower vitamin E 
potency than the latter. 

The report is highly technical, and in 
consequence, will not be of particular 
value for the farmer. However, it is a 
significant contribution to the general 
field of food analysis, and opens the way 
for numerous further studies of this type. 



The Poison Trail. 

By William F, Boos, HaUy Cushman and 

Flinty Boston and New York, $3.00. 

8i X jf ; 380; 1939. 

Dr. Boos' life-time experience in toxi- 
cology has given him a variety of ex- 
periences of which he writes with interest 
and enthusiasm. He tells of his work as 
a physician in this field, and of his ex- 
perience as a consultant in the use of poi^ 
son for industrial purposes and in foods. 
Of most interest, however, is his work 
in the field of legal toxicology. In this 
volume he describes a number of the fam- 
ous civil and criminal cases of the last 
twenty years in which he has been an 
expert witness. The author's case his- 
tories and anecdotes of the use and misuse 
of various poisons make excellent reading. 
An appendix consisting of three formal 
reports on toxicological investigations 
has been included and there is a complete 
index. 



Handbuch der Biolooischbn Arbbits- 
MBTHODBN. Inhaltsubersicht , 

Edited by Emil Abderhalden, Urban und 
Schwar^enbergy Berlin, 9! x 6i; 1x7; 
1939 (paper). 

This final number, constituting a detailed 
table of contents, marks the completion 
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of a monumental piece of editing and 
publishing. Our warmest congratula- 
tions eo to editor and publisher. To say 
that the Abderhalden Handbuch is useful, 
is understatement. It is indispensable 
for any broadly organiaed biological 
laboratory. While in matters of detail 
it will, of course, get out of date — indeed 
in some sections already has — nevertheless 
it will long retnain an invaluable reference 
work as a whole. It is interesting to 
note that each single part may be pur- 
chased separately.* The price of the 
whole work, in 107 volumes bound in 
half leather, is RM. 4000. 



Kurzb Gbschichte der ICatalyse in 
Praxis und Theorib. 

By Alwin Mittasch. Verlag von Julius 
Sfringer^ Berlin. RM. 6.60. 8^ x 5I; 
viii + 139; 193Q (paper). 

Verjr little was known about catalysis 
until about a century ago. In the first 
few pages of this book a resum6 is given 
of some catalytic reactions observed up 
to the year 1800. The next decade saw 
the rise of more definite ideas on the 
subject, embodied in the works of Dober- 
einers, Bellani, Faraday, and especially 
Berzellius. 

The chemical theory of catalysis was 
built up in the middle of the nineteenth 
centurv by Horstmann, who experimented 
in botn inorganic and organic chemistry. 
Later students strengthened its position 
and added to the knowledge of biocataly- 
sis. The work of Wilhelm Oswald is 
discussed at length, and later-day studies 
are briefly presented. There is an exten- 
sive index of authors. 



Essentials of Physiological Chemistry. 
Second Edition. 

By Arthur K. Anderson. John Wiley and 
Sons^ New York. $1.75. 9 x 3!; ix + 

In tLs eefition the subject matter has 
been brought up to date. Many sections 
have been completely rewritten and new 
material added. More space has been 


given to those sections dealing with 
enzymes (oxidations and reductions), in- 
testinal putrefaction and detoxication, 
and respiration. The section on carbohy- 
drate metabolism has been completely 
revised and the chapters on hormones and 
vitamins largely rewritten. A new chap- 
ter on Composition of tissues, covering 
the important facts concerning the com- 
position of muscle, nervous, epithelial 
and connective tissue, has been added. 



Trait^ db Chimie Organique. Tome X. 
Diacides et Polyacides. lAatthres Grasses. 
Dirivis Sulfur (s ou S el ini is de la Fonction 
Acide. 

By H. J. Goudet^ R. Padova^ F. Salmon-- 
Legagneur. Published under the Direction 
of Victor Grignardy G. Dupont y R. Loequin 
and Paul Baud. Masson et Ciey Paris. 
$6.45 (paper); $7.10 (cloth). 9! x 
6|; xix + 807; 1939. 

This is the eighth part of a ij volume 
treatise to appear on organic cnemistry. 
Preceding parts have been noticed in these 
columns, and like the other volumes, this 
one maintains the high standard set up 
by the first seven. 



SEX 


Sexual Freedom. 

By Reni Guy on. Translated from the 
French by Eden and Cedar Paul with an 
Introduction by Norman Haire. John Lane 
the Bodley Heady Ltd.y London. 15s. 
net. 8§ X 5J; xiv + 344; 1039. 

One cannot help but admire the untiring 
zeal with which advocates of sexual free- 
dom go about their work. There is no 
doubt that the subject of sex is spoken of 
with greater freedom than it formerly was, 
and even that certain taboos are disappear- 
ing. However, it is doubtful if any part 
of the gradual change is due to this book 
and numerous others almost identical in 
su^ect matter. 

The volume contains a lot of tiresome 
reading under the general topics of the 
need tor sexual freedom, its guiding 
principles, its message, its practice, sex 
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relationft^ and “psycho-physiology of the 
erotic life.** 

**. . .it is easy to understand that, in 
both sexes, the pursuit of a partner for 
amorous dalliance has all the excitement 
of the chase, being no less full of surprises, 
disappointments, and triumphs. That, 
of course, explains its unfailing charm. It 
is certainly the most captivating of 
sports.*’ 

All those who wish to become members 
of the Hunt Club kindly turn to page 136 
and subscribe to the twelve exalted by- 
laws. 


How TO Achieve Sex Happiness in Mar- 
riage. 

By Henry and Freda Thornton, Vanguard 

Press ^ New York, $x.oo. 7^ x 5; xii 

+ 155; 1939* 

Both to the happily married who wish to 
avoid “the perils of monotony**, and to 
the unhappily married (sexually), this 
book offers advice. Variations and new 
techniques arc described for the former, 
while the latter arc given suggestions to 
awaken their sexual lethargy or to re- 
move any barriers that have arisen which 
tend to mar their marital pleasures. A 
new feature that crops up in this far from 
unique type of book is a discussion of 
vocabulary and of proper terms to use. 
[Reginald, the Office Boy, claims, how- 
ever, that they missed several good ones.] 
Another feature is that the book is per- 
fectly frank and to the point and should 
satisfy those who desire their information 
“straight from the shoulder**. Unim- 
aginative married couples are probably the 
ones who will derive the most benefit. 


The Rhythm of Sterility and Fertility 
IN W omen . A Discussion of the Physiological^ 
Practical^ and Ethical Aspects of the Dis- 
coveries of Dr, K, Ogino Cjapan) and Prof, 
H, Knaus (Germany) Regarding the Periods 
when Conception is Impossible and when 
Possible, Sixth Revised Edition, 

By Leo, J, Latx,* Latz. Foundation ^ Chi- 
caio, $1.00. 6x4; vii -h 151 + 5 
folding charts; 1939. 


This little book (published with the ap- 
probation of the Church) is now in its 
sixth revised edition (cf. notice of first 
edition in Q. R. B., Vol. 8, p. i.yf) and 
eleventh printing. It is in three parts: 
(i) physical aspects, (1) practical aspects, 
and (3) ethical aspects. The question- 
answer method, so effective with those 
who find difficulty in organizing their 
own thoughts, has been maintained. 


The V AGIN AL Diaphragm : Its Fitting and 
Use in Contraceptive Technique, 

By Le Mon Clark, C, V, Mosby Co,, St, 
Louis, $z,oo, 8i x jf ; 107; 1Q39. 
Physicians will appreciate this oook for 
the valuable information it imparts 
concerning the vaginal diaphragm as a 
method of contraception. The author 
does not enter into the social or economic 
aspects of birth control but sticks to the 
subject as indicated by the title. Physi- 
ological and anatomical considerations, 
methods of examination and fitting, to- 
gether with a description of the dia- 
phragm itself and of vaginal jellies and 
creams, are all part of the subject matter. 
Physicians arc told how to instruct the 
patient to make sure she learns the correct 
procedures. Over fifty illustrations and 
photographs complete this comprehen- 
sive manual. 


Feminine Hygiene in Marriage. 

By A, F, Niemoeller, Harvest House, 
New York, $l.oo. •j\ x 4I; 155; 19^8. 
In this small volume, the author dis- 
cusses the use and abuse of various medi- 
caments and apparatus in a language 
simple enough to be interesting and of 
use to the average woman. Beginning 
with a description of the female sex or- 
gans and the mechanism of menstruation, 
the author goes on to discuss various 
female disorders and diseases and their 
treatment. A chapter on douches, hy- 

f ienc in pregnancy, and on the menopause 
avc been included. Throughout the 
author warns against the use of quack 
patent medicines for feminine ailments. 
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BIOMETRY 

Quantitative Zoology. Numerical Con- 
ceps and Methods in the Study of Recent 
and Fossil Animals. First Edition. 

By George G, Simpson and Anne Roe. 

McGraw-Hill Book Co.^ New York and 

London. $4.00. 9x6; xvii + 414; 

1939* 

This contribution to the methodological 
literature of biology at once takes a place 
of the first rank in usefulness and impor- 
tance. The title would seem to restrict 
it to the field of zoology, but no biologist 
should allow himself to be misled by this 
expression of the modesty of the authors. 
Botanists, and biologists generally, will 
find it just as useful and helpful as zoolo- 
gists, even if the illustrations of methods 
are drawn chiefly from the data of zoology 
and paleontology. 

The coverage of the elements of modern 
biometric techniques is ample to meet the 
needs of any biological worker, and prob- 
ably will continue to be for a good many 
years to come. This is evident from the 
chapter heads: Types and properties of 
numerical data; Mensuration; Frequency 
distributions and grouping; Patterns of 
frequency distributions; Measures of cen- 
tral tendency; Measures of dispersion and 
variability; The normal curve; Probability 
and reliability; Sampling; Comparisons 
of samples; Small samples and single 
specimens; Correlation; Regression; Asso- 
ciation; Graphic methods; Growth. 

An Appendix gives practical hints on 
computation; assembled symbols and for- 
mulas used; and a glossary. A selected 
bibliography and index complete the 
volume. 

The derivations and explanations of the 
mathematical methods used are pains- 
takingly detailed, and should be crystal 
clear to anyone, especially as the writing 
throughout has the charming lucidity 
that characterizes the senior author's 
other works. 

The book is remarkably, though not 
completely, free from slips. One should 
perhaps be mentioned here because it 
happens to be of just the type likely to 
mislead the class of persons for whom the 


book is mmarily intended. On p. 14 
(footnote) it is stated that: 

The mean of a ratio it most easily calculated by 
dividing the mean of one set of measmementt by the 
mean of the other, but note that this it not |^pcr 
unless all the measurements are ^red. That is, if, 
for intttnee, a mean length: width ratio is sought, it 
may be obtained by dividing the mean length by the 
mean width if each length is accompanied by the 
corresponding width of die same specimen and each 
width by the corresponding length. This is not 
always true of paleontological dau; and if unpaired 
measurements have been included in the means of the 
two primary measurements, the rado of each indi- 
vidud must be uken and the mean of the ratios then 
calculated. The difference is seldom significant, but 
this procedure is technically the correct one. 

This clearly implies, if the pairing 
condition is assumed to have been met, 
that 

The Mean of a Ratio = The Ratio of 
the Means (of the variables entering the 
ratio) which is not true. Consider for ex- 
ample the following series of ratios : 

lo/x == 5.000000 14/6 = 2.. 333333 
1 1/3 = 3.666667 15/7 = z. 141857 
11/4 = 3.000000 16/8 = 1,000000 
13/5 = 1.600000 

The ratio of the means is 13/5 = 1.6, but 
the mean of the ratios is 1.963165. The 
difference (0.363165) is not small; it 
amounts to 13. i percent of the average of 
the two quantities entering the difference. 

But such minor inadvertences will be 
cleared up in later editions, that are sure 
to be rather quickly demanded. For 
this is a first rate book, that we can recom- 
mend highly. 



The Concepts op the Calculus. A Criti- 
cal and Historical Discussion of the Derivative 
and the Integral. 

By Carl B. Boyer. Columbia University 
Press ^ New York. $3.75. 9x6; vii -|- 

, 346; 1939- 

It may seem strange to some readers to 
hear a mathematical treatise referred to as 
delightful reading, vet that is exactly 
what this work is. Not that it is simple 
reading— far from it. It is delightful 
reading because it is the history of an 
idea. 

The calculus has sometimes been con- 
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iidercd the supreme achievement of the 
human mind. It has also been said to 
have been the invention of Newton and 
Leibnia, but discovery would be a better 
word. But this is a very loose statement, 
for while the setting of the keystone may 
safely be attributed to these two titanic 
intellects, the cornerstone of the structure 
had already been laid in the time of 
Thales of Miletus, more than tw^ty 
centuries previously, by the Egyptians 
and Babylonians. In these pages we meet 
not only the great mathematicians of 
antiquity such as Pythagorus, Euclid, 
Eudoxus, and Archimedes, but also the 
more catholic philosophers, Plato, Aris- 
totle, Democritus, and Zeno (who must 
have been great as a humorist as well as 
a metaphysician), Lucretius, and Plo- 
tinus. 

The average man thinks of the Dark 
Ages as a period in which the advance of 
intelligence became a retreat. In reality 
they appear dark because our records are 
incomplete. They were an age of tradi- 
tion, but they produced such thinkers as 
Leonardo of Pisa, Nicholas of Cusa, 
Richard Suiseth, Thomas Bradwardine, 
Nicole Oresme, Blasius of Parma, William 
of Occam, and Duns Scotus, to mention a 
few at random — all of them, men whose 
names can be mentioned with honor and 
dignity in any connection. Then came 
the renaissance of learning with such 
names as Stevin, Kepler, Galileo, Cava- 
liere, Torricelli, Descartes, Fermat, and 
Pascal, the last two of whom )ust missed 
making the discoveries that crowned the 
careers of Newton and Leibniz, who are 
the first of the strictly modern period, 
which produced also such men as Gauss, 
Euler, and Helmholtz. In the pages of 
this book we meet all these men and many 
others like them, and learn how they in- 
fluenced subsequent thought. 

The book’s documentation is tremen- 
dous — several footnotes on nearly every 
page. There is a bibliography of 15 pages 
and a finely printed index or 10, but the 
book suffers oy lack of a table of chro- 
nology. In a work that approaches its 
subject from the view point of history a 
chronological table is almost indispensible 
and it is unfortunate indeed that one was 
not compiled in the present instance. 


Pkobabilitt, Statistics and Truth. 

By Richard von Misos. Translated by /. 

Neyman, D, Shall and E. Rabinowitsch. 

The Macmillan Co.^ New York. $3.75. 

8i X 5i; xvi + 313; 1939. 

Between the concept of probability . as 
defined by the mathematician and a 
posteriori probability of the empiricist 
there exists a logical gap which troiAles 
the mathematical philosopher. In the 
opinion of many mathematicians prob- 
ability has yet to be defined in a manner 
that has practical significance and can 
serve at the same time as the starting point 
for the development of systematic ration- 
alization. For this reason a number of 
definitions have been advanced and among 
the recent ones is that which Mises in- 
troduced almost two decades ago and dis- 
cusses at length in this book. Mises 
defines probability as “the limiting value 
of the empirically observable relative 
frequency” and on this basis outlines 
very briefly the fundamental operations 
ana applications of the theory of prob- 
ability. The major portion of the book 
is, however, devoted to a defense of his 
views against the criticism received and a 
critical examination of the concepts of 
other mathematicians . Notwithstanding 
the theoretical nature of the subject and 
the metaphysical title, the author elu? 
cidates the problem and its practical 
statistical aspects in a better fashion than 
has usually been done. Particularly in- 
teresting are the interpretations or the 
theorems of Bernoulli and of Bayes in the 
light of his concepts. 



Elements of Statistical Reasoning. 

By Alan E. Treloar. John Wiley and 
Sons^ New York; Chapman and Hall^ 
London. $3.15. 9 x 5J; xi -f i6i; 

of elementary statistics have 
come more and more to realize the need of 
explicitly indicating the logic of statis- 
tical procedures as well as the computa- 
tional technmue and theo^ of the formu- 
lae in use. The wisdom of this viewpoint 
is clearly demonstrated in Treloar’s text- 
book in which, true to the title given it, 
the author plainly discusses the why and 
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wherefore of each procedure described. 
This is the distinctive feature of the pres- 
ent book which in order of exposition 
does not differ substantially^ from other 
elementary texts already available. After 
a short introduction, tne author takes up 
centering constants, measures of variation 
and the normal curve. Several well- 
written chapters on correlation and regres- 
sion follow. The theory of probability 
is next briefly discussea and the book 
closes with chapters on the chi-square 
test. In an appendix are contained many 
useful tables that add to the high quality 
of this as a textbook. 

* 

Statistical Dictionary of Terms and Sym- 
bols, 

By Albert K. Kurtz, and Harold A, Edger- 

ton. John Wiley and Sons^ New York; 

Chapman and HalL London, $l.oo. 7 x 

4f; xiii + 191; 1939. 

An extremely useful reference book. It 
gives clear and accurate definitions of 
about L, 100 statistical terms . Alternative 
definitions are employed for those terms 
most frequently encountered in the litera- 
ture, or where the meaning is difficult to 
comprehend; also examples are often used 
for elucidation. During the preparation 
of the book the authors issued a pre- 
liminary edition in mimeographed form 
which they submitted to an advisory 
council — a group of statisticians repre- 
senting ‘ ‘six of the branches of science in 
which statistical methods find their great- 
est usefulness”— for criticisms and sug- 
gestions. 



Principles of the Mathematical Theory 
OF Correlation. 

By A, A, Tschuprow, Translated by M. 
Kantorowitsch, William Hodge and Co.^ 
London, iis. 6d. net. x 5!; x -|- 
194; 1939- 

Most students of statistics are familiar 
with the German edition of Tschuprow’s 
monograph and therefore will appreciate 
this good English translation of the work. 
For the statistical neophyte this represents 
an excellent opportunity to acquire a real 


understanding of the logical principles 
that underly the several measures of cor- 
relation, especially as developed by Pear- 
son. Tschuprow's treatment of the sub- 
ject is distinguished by a simplicity of 
exposition which emphasizes particularly 
the difference between stochastic asso- 
ciation and functional relationship, and 
avoids complex mathematics. 

* 

Methods of Statistical Analysis. 

By C, H, Goulden, John Wiley and Sons^ 
New York; Chapman and Hall^ London. 
$3.50. 9 X 5f; vii + zjj; 1939. 

Some elementary training in statistical 
theory is presupposed in this textbook. 
Its emphasis, therefore, is on (a) the 
design of experiments, following R. A. 
Fisher’s principles, and (b) routine train- 
ing to familiarize advanced students with 

{ practical methods and to give them 
acility in calculation. The examples and 
exercises arc chosen to be representative 
of the problems encountered in agricul- 
tural research. 



Wahrscheinlichkeitsrechnung fur 

N ICHTMATHEM ATIKER . 

By Karl Dorge in collaboration with Hans 
Klein. Walter de Gruyter and Co.^ Berlin. 

6. 9 X 61; 113; 1939. 

Written to give non-mathematicians an 
understanding of the underlying prin- 
ciples of the theory of probability, this 
work loses much in clarity because of the 
brief treatment given many phases of the 
subject. Topics discussed include the 
concept of limits; the concept of prob- 
ability; scries of events; mathematical 
expectation; means and variation; and 
the laws of larcc numbers. The index is 
too brief and there is no bibliography. 



Mathematics for Actuarial Students. 
Fart I. Elementary Differential and Integral 
Calculus. 

By Harry Freeman. The University Press ^ 
Cambridge; The Macmillan Co.y New York. 
$1.75. X 5J inches; vii + 183; 1939. 
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This standard English textbook on ac- 
tuarial mathematics has now been divided 
into two volumes of which the present is 
the first. With only minor changes this 
volume reproduces the chapters on trigo- 
nometry and elementary calculus that 
formed part of the previous edition. 
Succinct but adequate, the exposition is 
clear and accompanied by well-chosen 
examples. 



PSYCHOLCXJY AND BEHAVIOR 

Mosbs and Monotheism. 

By Sigmund Freud, Translated from the 

German by Katherine Jones, Alfred A. 

Knopfs New York, $3.00. 8f x 5!; 

[6] + 2.18 + vi; 1939. 

This is the last book written by Dr. 
Freud, and the only one during the last 
six years of his life. It would never have 
seen the light of publication had the 
author continued to reside in the city 
which had been his home for seventy-eight 
years, but the civilized world can now 
profit by the sad turn of affairs that compell- 
ed him to take up his residence in Lon- 
don only a short time before his death. 

The commonly held belief that in this 
work Freud seeks to prove that Moses was 
an Egyptian is not strictly borne out by 
an examination of the work. The birth 
of the “austere man“ of the Pentateuch 
remains as much of a mystery as his death. 
What the author attempts to prove is that 
Moses was a synthetic personality and 
that one of his component elements may 
have been an Egyptian. Freud’s thesis 
is that Moses was an Egyptian of high 
social standing, probably a close friend 
of Ikhnaton, and a convert to his mono- 
theistic theology; and that when after 
the death of Ilchnaton the priesthood 
chiseled his name off the monuments in 
order to obliterate all memory of him as 
the first step in the restoration of the 
polytheistic hierarchy, Moses found it 
expedient to flee to a border state where he 
could impose his monotheistic views on 
the slaves, whom he intended to lead into 
the desert to establish a monotheistic 
state. The tribe of Levi, Freud contends, 
owe their anomalous position in the 
Israelite political structure to the fact 


that instead of being the descendants of 
Levi, son of Jacob, they were in reality 
the retinue of Moses who had fled from 
E^pt with him. 

The monotheism of Ikhnaton proved too 
pure for the Israelites to assimilate, and 
It quickly degenerated into the worship 
of a tribal deity — the rival of Ashtcroth, 
Baal, Chemosh, and Dagon. The Israel- 
ites were forbidden to worship these 
exotic deities (though they frequently did 
it) but were not forbidden to believe in 
them. Freud believes that Moses was 
murdered by his own followers, and his 
place taken by a Midianitc imposter who 
assumed the name of Moses. 

Psychoanalysis figures widely in the 
book and the story of the ark in the bull- 
rushes is rejected on psycho-analytic 
grounds. The ark is symbolic of the 
uterus, and the Nile of the amniotic 
liquid. This is an excellent illustration of 
the weakness of psycho-analysis — it often 
proves too much. Every human being 
comes into the world in a figurative ark 
floating on a figurative Nile. The mental 
states with which psycho-analysis deals 
are all interpreted as the representations 
of forgotten events. And if the represen- 
tation be symbolic practically any state 
may be representative of any event. In 
the present case it is not possible to check 
back to see what the original events were. 
The events of early Egyptian and Hebrew 
history are lost — or rather the records have 
been tampered with for political purposes 
so that their ordinal content is no longer 
recognizable. Reud believes that this 
condition is sufficient to justify his course 
of selecting from the evidence that which 
supports his thesis and ignoring that 
which contradicts it. This is the weakest 
point in an otherwise erudite piece of 
research. There is a glossary and an 
index, but both are painfully brief. 



Sleep and Wakefulness as Alternating 
Phases in the Cycle of Existence, 

By Nathaniel Kleitman, University of 
Chicago Press^ Chicago, $5.00. 9x6; 
xii + 638; 1939. 

As the writer states in his introduction, 
sleep is often taken for granted as a part 
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of the routine of life. Everyone of us has 
to submit to the arms of Morpheus sooner 
or later, and since the phenomenon of 
sleep is so prevalent it is obvious that it 
should attract the attention of mankind 
and so give rise to numerous speculations 
as to its nature. Some of these specula- 
tions have been idle talcs procreated by 
superstition and ignorance, while others 
have been based on experimental and 
observational experience. The author be- 
gins his treatise where Pieron in his classi- 
cal work on sleep in left off. One 
may gather the extent of tne research done 
on this problem since that time from the 
bibliography which contains 1434 titles, 
none of which appears in Pi6ron*s book. 

Sleep is not considered as the opposite 
of wakefulness, but a complement to the 
waking state, “the two constituting al- 
ternate phases of the same cycle, the one 
completing the other as the trough of a 
wave completes its crest." There is not a 
sharp transition from one phase to the 
other, but a more gradual transformation. 

A list of topics discussed would make a 
formidable arrav. Needless to say, there 
is very little tnat is missed. The book 
starts with the functional differences be- 
tween sleep and wakefulness and pro- 
resses through to the final part which is 
evoted to the theories of sleep. The 
author describes his interesting experiences 
in his retreat in Mammoth Cave where he 
and a co-worker attempted to modify the 
normal 14 hour rhythm to 11 and 18 hour 
cycles. Other topics are the pharmacology 
and hygiene of sleep, hibernation and 
hypnosis, pathological interferences to 
the normal sleep-wakefulness cycle, and 
experimental production and deprivation 
of sleep. 

A useful addition to the literature. 

* 

Personality Chanobs after Operations 
ON THE Frontal Lobes. A Clinical Study 
of Cases. (From the Neurosurgical and 
Psychiatric Clinics of the Royal Caroline 
Institute^ Stockholm.^ 

By Gbsta Rylander. Einar Munksgaard^ 
Copenhagen; Oxford University Press^ Lon- 
don. Danish Cr. 15.00. ^ x 3x7; 
1939 (paper). 


A report of a "follow-up’’ of 31 patiota 
whose froatal lobes had been operat^ 
uTOn during the years 1931 to 1938 in 
the Neurosurgical Clinic m the Serafimer 
Hospital in Stockholm. 

The main part of these examinations was given to 
psychiatric research, but, in order to throw as much 
tight as possible on the postoperative condition, 
consideration was also given to the constitutional 
and neurological features manifested by the patients. 
But the chief question to be answered was: *'Do 
mental changes arise after partial excision of the 
frontal lobes and, if so, of what kind are they?” 
Of the 31 patients, conforming to certain principles 
which the investigator deemed essential for nis study, 

had been operated on for tumors, z for an abscess; 
in 10, the operation involved the left frontal lobe, in 
II, the right; ii had a meningioma, 19 a glioma. 
There was a possibility of an incipient recurrence in 
^ cases, although examination revealed signs thereof 
in only 1 case. 

The following changes were found by 
comparing the mental conditions of the 
subjects at the time of the follow-up 
examination with their mental conditions 
before the onset of the illness: 

X. Emotional changes occurred in 30 cases. These 
changes are revealed in a diminished inhibition of 
affective responses in 15 cases and in a displacement of 
the habitual feeling level in 18 cases, in 10 towards 
euphoria and in 8 towards depression. 

X. Changes in volitional and psychomotor activity 
occurred in ix cases. 14 patients show restlessness 
and IX deterioration of initiative and interest. 

3. Intellectual changes, mainly involving the 
higher faculties, occurred in xi cases. Specially 
sel^ted psychological tests were given to all the 
patients and a control series of jx non>operated 
persons. Statistical treatment of the results given 
shows the existence of significant differences between 
the two series, the operated subjects doing more 
poorly in the tests requiring the use of the higher in- 
tellectual functions. . . . There does not seem to be 
any distinct difference between the patients with 
left-sided and the patients with right-sided lesions. 

4. Certain vegetative symptoms were observed 
but not frequently enough to allow any opinion on 
their significance. 

In conclusion the author states that 

Menul changes occur after excision of parts of the 
frontal lobes. These changes are exhibited in al- 
teration of personality. Generally they are not of 
such degree as to destroy the subject’s ability to lead 
a normal social existence, but tney can be fatal to 
persons doing qualified intellectual work. . . . 

Figures, tables, and a bibliography of 15 
plates rouad out this iuvestigatioa. 



NEW BIOUOGICAL BOOKS 


117 


CoLOX VmoM Aim Color Blimdnbss in 
Monkbts. Cmparativ$ Psytholoiy Mmu- 
ffttpbs, VolwHt IS, Numbtr 4, Strial Num- 
itr 76. 

^ Walttr F. Gntbtr. The Joins Hop" 

kins Pnss, Baltimon. 75 cents. 10 x 

, 38; 1939 (paper). . . ' 

In this stu^ the color vision of several 
^cies of New World (4) and Old World 
(9) monkeys was compared with that of 
man. One of the main purposes of the 
investigation was to obtain data which 
would aid in evaluating evolutionary 
theories of human color vision. Four 
measures of color vision were made: 
“discrimination of wave-length dif- 
ferences, proportion of two colors neces- 
sary in a complementary mixture, 
visibility curve, and test for dichromatic 
vision. Human and monkey subjects were 
tested under conditions as nearly identical 
as possible. ' ' Among the results obtained 
are the following: 

Wavc-lcnath discrimination of Old World monkeys 
(s Guinea naboon, a green monkey, a pig>tailed 
monkey, and five rhesus monkeys) did not diflfer 
significantly from that of human beings. Dis- 
aimination of three New World cebus monkeys was 
significantly poorer in the red and yellow regions and 
afout equal in the blue-green region. The discrim- 
ination of a New World spider monkey was equal to 
that of the Old World monkeys. 

Compared to the average for three men, all animals 
tested required a greater i^oportion of red in a 
complementary mixture for it to match white. . . . 

A test for dichromatic vision, given one cebus 
monkey, revealed a neutral band in the spectrum at 
510 to 510 m/i. This result was taken to indicate 
that this animal, and pobably the other two cebus 
monkeys also, had dicnromatic vision. 

Comparison of the color mixture data for cebus 
monkeys with similar data for human dichromats 
supported a conclusion that the color blindness of 
the cebus monkeys conformed to human protanopia 
Cred-blindness). 



Typbs, Lbvbls, and Irreoularitibs of 
Response to a Nursery School Situation 
OF Forty Children Observed with Special 
Reference to the Home Environment, Studies 
from the Center for Research in Child Health 
and Development^ School of Public Healthy 
Harvard University^ II, Monographs of the 
Society for Research in Child Development^ 
Volume IV^ No, 2 (Serial No, 21), 

By Eleanor Slater with the Assistance of 
Ruth Beckwith and Lucille Behnke. Society 


far Research in Child Development^ Nth 
tional Research Council^ Washington^ D, C, 
$1.15. 9 X 6; iv -h 148; I9J9 (paper). 
This study is divided into three parts: 
(i) Responses of young children to the 
new environment of an observation 
nursery school (5 chapters). Marked 
contrasts were observed in the tempo of 
their activities. 

. . . Two opposite tendencies seemed to be at work 
.... Some children were vtrf high in the number 
of their responses at the beginning of the period, and 
the number decreased sharply as the ^riod pro- 
gressed. Others were very meagre in their responses 
at first, and the number increase as the strangeness 
of the situation diminished. . . . Fifteen children 
out of the original 40 did not follow any simple pat- 
tern; they* fluctuated from day to day, even from hour 
to hour, in the tempo of their activities and the nature 
and number of their responses. They were not a 
middle group; often thev alternated between sharp 
extremes of activity ana inactivity; at least, they 
showed occasional reversals of behavior. 

(l) Responses to specific situations in 
an observation nursery school (4 
chapters), and (}) Irregularities in the 
levels of response with special reference 
to changes in home environment (3 
chapters). In an appendix are given 
sample record forms. The statistical data 
are exhibited in numerous tables and the 
study concludes with a bibliography of 
5X titles. 



The Measurement of Adult Intelli- 
gence. 

By David Wechsler, Williams & WiU 
kins Co,y Baltimore, $3.50. 9 x 6; ix + 
L19; 1939. 

The author discusses the reasons why tests 
standardized on children cannot be used on 
adults. One of the most fundamental of 
these is **the fact that adult intelligence 
cannot be evaluated in the same terms as 
those generally employed in defining 
juvenile intelligence . 

The contents of the book arc in three 
parts, as follows: Part I, The nature and 
classification of intelligence. Different 

f )hases of this subject are: Nature of intel- 
icence (10 pages); Need for an adult in- 
telligence scale (7 pages); Concept of 
mental age and I.Q. (17 pages); Classifica- 
tion of intelligence (13 pages); Concept of 
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mental deficiency (6 pages); and The 
problem of mental aeterioration (17 
paees). Part II is concerned with the 
Bellevue intelligence scales under the 
chapter headings: Selection and descrip- 
tion of tests (19 pages); Population used 
in standardizing tests (ia pages); Stand- 
ardization and results (19 pages); and 
Limitations and special merits pages). 
Part III gives in detail the manual of 
Bellevue intelligence tests. In three brief 
appendices are given statistics concerned 
with intelligence testing. These are fol- 
lowed by a group of intelligence quotients 
tables, record blanks, and a brief but well- 
planned index. 



The Boundaries of Soence. A Study in 
the Philosophy of Psychology, 

By John Macmurray, Faber and Faber ^ 

London, ys, 6d. net. 7! x 5; x68; 

1939* 

The author of this work contends that 
science is limited, by which he means that 
there is a body of knowledge that cannot 
be apprehended by scientific method. He 
calls this body “knowledge of value** 
and contrasts it with scientifically ac- 
quired knowledge, or “knowledge of 
facts.’* His argument is that the mind 
cannot observe itself without prejudice; 
the observing mind behaves aifferently 
from the unobserving mind, therefore the 
mind cannot learn anything about its own 
behavior when not under observation. 
From this innocent premise all sorts of 
startling conclusions emanate, such as that 
if a science is true it cannot be true. 
*rhe author also tells us that the scientist 
who verifies a theory learns nothing about 
its truth, but only about its validity. 
Verbal sophistries such as these have great 
significance to the metaphysician, but the 
humble follower of science is likely to 
feel aghast when they confront him. 

Seven pages of index conclude the work. 



Thus We Are Men. 

By Sir Walter Langdon-Brown, Long* 
tnans^ Green and Co,^ New York, $3.50. 
8f X si; Z44; 1939. 

This volume, constituted of a series of 


lectures, is rather disconnea^. The 
author calls it ***rhcme and Variations**. 
The theme is that man is finding difficulty 
in taking the next step in evolution, this 
step being neither physical nor mental, 
but psychological. In order to make this 
advance we must understand the inner 
workings of the mind. Only in such a 
way can impulse be ruled, and many of 
our individual and social problems errad- 
icated. The writer then goes on to 
deplore the present flight of reason demon- 
strated by modern music, poetry, and art. 
He thinks that medicine needs to return 
to the ideals of Aesculapius. Following 
this is a discussion of the causes of various 
types of neuroses. 

The second section of the book attempts 
to analyse the minds of some well-known 
authors by interpretations of their 
writings. Closing chapters deal with a 
variety of subjects, including religion, art, 
and death. 

The writer shows an amazing knowl- 
edge of literature, and the volume is well 
written. However, its principal claim 
for the attention of the reader lies not 
in any scientific contribution that it 
makes, but rather as a study of the 
author’s reflections on life. 



Life: A Psychological Survey. 

By Sidney L. Pressey^ J, Elliott Janney 
and Raymond G, Kuhlen, Harper and 
Bros.y New York and London, $2.. 50. 
8 X 5f ; xxxiii + 654; 1939. 

This is a textbook for a new tvpe of intro- 
ductory college course in psycnology. As 
a background for a survey of problems 
dealing with the adjustment of the indi- 
vidual to his environment, the authors 
emphasize our socio-economic and cul- 
tural heritage, and the development of the 
individual both physically and intellec- 
tually from childhood to old age. The 
formal study of psychological principles 
is left to more aavanced courses. 



Studies of Abnormal Behavior in the 
Rat. The Neurotic Pattern and an Analysis 
of the Situation Which Produces It, 
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By Norman R. F. Maier. Harper and 
Bros.^ New York. $i.cx). 8 x 5J; [10] + 
81 + 16 plates; 1939. 

This monograph, a report of experiments 
on behavior in rats under conditions of 
frustration, is a description of experi- 
mental neurosis in the rat. It is chiefly 
concerned with the analysis of neurosis- 
producing situations. A detailed report 
on the case history of each rat with which 
the author experimented is included as 
well as a number of excellent photographs 
of the subjects. 

* 

DE OMNIBUS REBUS 
ET QUIBUSDEM ALUS 

Thb First Nboro Medical Sooety. A 
History of the Medico-Chirurgical Society of 
the District of Columbia 1884- 
By W. Montague Cobb. The Associated 
Publishers^ Washington^ D. C. $x.i5. 

7ix5;x+ I59;i939. 

In i86l slavery was abolished in the 
District of Columbia; in 1863 free schools 
for Negroes were opened; in 1866 Howard 
University was founded; and in 1868 the 
School of Medicine of Howard University 
was formally opened with a student body 
of eight and a faculty of five. It was from 
1869 to almost the turn of the century that 
qualified Negro physicians made attempts 
to join the Medical Society of the District 
of Columbia. However, prejudice was 
strong in this essentially southern city, 
and the colored physician was not even 
professionally recognized by his white 
brethren, much less admitted into the same 
medical society. The Necro physicians, 
feeling that they should be admitted to 
the Medical Society, had their case 
brought before Congress and the American 
Medical Association. Suffice it to say 
that on one groimd or another (not, of 
course, ostensibly racial) and after much 
controversy, the Negro physician was not 
admitted to the Medical Society. There- 
fore, in 1884, in order to secure for the 
qualified Negro physicians Qis well as for 
any others qualified to joinj the “advan- 
tages of regular meetings for medical 
improvement**, the first Negro medical 
society, the Medico-Chirurgical Society 
of the District of Columbia, was formea. 


This society met at irregular periods until 
1917 when it became a permanent organi- 
zation. Today it boasts a membership of 
144 physicians out of the 170 in Washing- 
ton. 

The author gives not only particulars 
concerning the controversy but also tells 
of the founding of the Negro medical 
society, its subsequent history to date, 
and, in general, the status and work of the 
Negro medical profession in Washington 
from 1869 on. This report throws light 
upon the achievements of a small highly- 
eaucated group within a minority group 
set apart by reason of color and bi-racial 
ideology. 

* 

L* Homme Dbvant la Science. Bib Ho- 
thique de Philosophie scientifique. 

By Lecomte du Nouy. Flammarion et Cie^ 

Paris. 10 francs. 7^ x 5; 180; 1939 

(paper). 

Within the last third of a century revolu- 
tionary scientific discoveries have been 
made. Along with these, the writer 
claims, have sprung up a number of theories 
which threaten to become dogmas. He 
believes that the time has come to sub- 
ject certain of our concepts to rigid criti- 
cism. The principal objection raised is to 
our atomic theory, which under a rigid 
materialistic inspection has a number of 
faults. How can we receive a satisfactory 
answer to our problems when the basis 
of our material universe rests on such 
shallow concepts? The only truly sound 
basis of science is experimentation with 
everything expressed in hard and fast 
matnematical terms. 

The writer discusses the problem of the 
religious and scientific points of view. 
He says that since neither represents the 
whole man, one must have a combination 
of the two. 



Long Island Seafood Cook Book. 

By J. George Frederick. Recipes edited by 
Jean Joyce. The Business Bourse^ New 
York. $3.00. 7i X si; U] + 314; 1939, 
This entertaining and useful treatise, by 
father and daughter (-in-law presumably). 
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except for some of introductoiy 

matter which serves no particularly useful 
purpose but is harmless, is filled with 
recipes for cooking seafood of all sorts. 
Man^ are excellent — ^indeed the proportion 
of bizarre extravagances that are insults 
to honest fish, Crustacea, or molluscs seems 
definitely smdler than usual in specialist 
cook books. But we find in the book no 
sufficiently imtvessive warning advice 
against the cardinal sin in nearly all sea- 
food cookery, which is overcooking. Be- 
cause of the prevalence of this obscene 
and immoral vice few people know the 
real and supemally delicious taste of 
lobster, for example. It is not in the 
least like the taste of either leather or 
rubber. 

* 

1Q3Q Britannica Book of the Year. 
A Record of the March of Events of 

Prepared under the Editorial Direction of 

Walter Yust. Encyclopaedia Britannica^ 

Inc.^ Chicago and London. $10.00. io| x 

8; 748; 1939- 

Prefaced by a calendar of the occurrences 
in 1938 this volume presents a comprehen- 
sive survey of the events of that year in all 
countries and in all fields of endeavor, from 
advertising to zoolo^, alphabetically 
speaking. It is liberally illustrated witn 
photographs and cartoons. The frontis- 
piece depicting a man with a gas mask 
entering a safety shelter and surrounded 
by soldiers and implements of warfare and 
the principals of the Munich pact, strikes 


a sombre note to begin with, but happier 
progress is reports in other matters. 

/Qthough this new series of yearbooks 
is intended to bridge the gap between edi- 
tions of the Encyclopaedia Britannica, it 
will be found a permanent as well as 
timely addition to the library. The 
volume is indexed. 



German-Enolish SasNCE Dictionary for 
Students in the Agricultural^ Biological and 
Physical Sciences. First Edition. 

By Louis De Vries with the Collaboration 
of the Iowa State Collett Graduate Faculty. 
McGraw-Hill Book Co.y New York and 
London. $3.00. 7 x 3; x + 473; 1939. 
This is the most complete handy-sized 
lexicographical aid to science students 
that we have seen . The English meanings 
arc well-chosen, specific uses noted, and 
for most plants and insects Latin as well as 
common names arc given. Abbreviations 
arc included. A sdcction of words was 
necessary due to the number of sciences 
covered, and “not all the names of ani- 
mals, plants, insects or chemical com- 
pounds have been included, since each 
subject would make a dictionary of its 
own.“ There arc, however, 48,000 
entries. 

The one unfavorable criticism of the 
book we have to make is that the glossy 

K on which it is printed is not suitable 
)ng hours of study under artificial 
light. 
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AUDITORY PERCEPTION IN INSECTS, WITH SPECIAL 
REFERENCE TO THE COCKROACH 

By PHIL RAU 
Kit^wood, Missturi 


DO INSBCIS HBAR? 

M any insect species of various 
orders are capable of giving 
forth sounds. These sounds 
differ greatly In their nature, 
and are produced by various activities 
and by the use of manifold mechanical 
devices of the body. 

Some of these Insects that create sounds 
have organs which, from morphological 
and experimental Investigation, are gen- 
erally considered to be organs of hearing; 
there are other sound-producing Insects 
upon whose bodies no organs of hearing 
have been found. Yet other species of 
Insects are considered dumb because they 
have no organs of hearing and also are 
unable to create sounds, at least such as 
can be perceived by the human ear. There 
are still other Insects that are knovni to 
possess organs of sound perception, even 
though they themselves create no sounds 
audible to the human ear. It seems 
logical to assume that sound-perception 
should be the complement of sound- 
production, or at least to expect that the 


functions of voluntary sound-production 
and of sound-reception will exist together 
and not separately. 

A survey of the literature of these two 
phases of the subject reveals the startling 
fact that the references on sound-produc- 
tion out-number those on sound-percep- 
tion by at least twenty to one. The reason 
for this Is that It Is far easier to describe 
what an Insect does and how It behaves 
than to tell how It feels and what It per- 
ceives. The result Is that all present-day 
naturalists agree that some Insects are 
capable of making sounds, but not all of 
them will agree that Insects actually hear 
sounds that they or others create. It 1$ 
now about fifty years since the subject of 
auditory perception In Insects came Into 
prominence. Students have been prone to 
decline to attribute this ability to Insects, 
sometimes even In the face of the evidence 
from excellent experlmenul work, and 
some of the writers go so far as to refuse 
to concede hearing even In those Insects 
which possess well-developed tympanal 
organs, and have no patience with even 
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the hypothesis that the so-called ‘‘dumb*’ 
insects — those in which neither stridulat- 
ing nor hearing organs have yet been 
discovered — may have the ability to 
respond to sound-vibrations. 

One might well think it logical to 
suspect, when a male cricket sings and the 
female comes to him, that she is attracted 
by his song. The criticism generally is 
that the experimenter has not absolutely 
ruled out the senses of sight and smell. 
One would also think that when an insect 
responds to sounds artificially created, it 
reacts to them by the sense of hearing. 
But the objection here again is that they 
may have been influenced by tactile 
stimulation. The work on the hearing 
of insects which has been done in the last 
twenty years has to a large extent mas- 
tered these criticisms, yet we often come 
upon statements which indicate that the 
newer work has been overlooked. 

Lutz (1924) questions whether the 
sounds produced by insects have any more 
purpose than the snoring of a man when 
asleep, or the rattling of an automobile. 
He says (p. 333), 

“insect sounds are not made for the purpose of being 
heard by human ears. Whether the insects themselves 
hear these sounds is the important question and one 
that has not been— -possibly cannot be— determined 
beyond all doubt. ’ ’ Again (p. 367), ’ *I am not aware 
of a single experiment that has furnished indisputable 
evidence of communication between insects by means 
of sound." 

Washburn (1916) is likewise parsimo- 
nious in giving insects credit for sound 
perception. There are three editions of 
her ever popular book. The Animal Mind^ 
and the opening sentence in her chapter 
on the hearing of insects is the same in all 
of them. “The sense of hearing in in- 
sects is also problematical." In spite of 
much new data published during the 
nineteen years that have elapsed between 
the first and the third editions, the space 


devoted to this topic has increased to the 
extent of only one page. 

As late as 1934, we find in the college 
text by Warden, Jenkins and Warner, 
entitled Introduction to Comparative Psy- 
chology^ this statement (p. 144): 

"Many of the insects possess chordotonal organs 
in both the larval and the adult stages, and these are 
commonly regarded as phonoreceptors. In most 
cases, however, these organs are very simple, and it 
appears unlikely that they serve auditory functions. 
The behavioral evidence ... is against the view that 
the simple types of chordotonal organs arc phono- 
receptors." They take exception to this, in a re- 
served way, when they continue, "The only positive 
evidence for hearing in insects that is entirely trust- 
worthy is that relating to crickets, grasshoppers, 
katydids, locusts and related forms, which are known 
to possess highly complex chordotonal organs. It 
is interesting to note that these forms are also stri- 
dulating types." 

Since much diversity of evidence and 
opinion exists in this field, I have at- 
tempted to bring together a survey of the 
literature on this subject. 

One may hardly speak of hearing in 
insects without touching upon the still 
larger subject of the organs for the per- 
ception of sound. References to the 
organs of hearing in insects I have omitted 
from this discussion. A comprehensive 
review can be had in Chapter 6 of Imms* 
Recent Advances in Entomology (1931). 
Likewise the literature on sound produc- 
tion in insects, which is a large one indeed, 
has also been for the most part omitted. 
Only those works are included which 
contain material on sound perception as 
well as sound production. Even all 
references to works which support sound- 
perception on morphological grounds only 
have been omitted. If an insect possesses 
tympanal or chordotonal organs, it seems 
quite likely that it hears sounds; this 
alone, however, is insufficient proof, in 
my opinion. The work, to be included 
in this review, must also cover observa- 
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tional or experimental data to show 
whether or not the insects hear sounds. 

Ants 

Most species of ants produce no sound 
that is audible to the human ear, although 
Emery (1893) reports certain East Indian 
species that make a loud, hissing noise 
when disturbed, and some species are said 
to chirp. 

Janet (1893 ^^ 94 ) maintains that 

ants of the Myrmicidac make stridulating 
noises. Ford (1930, p. 115), says, “as 
far as I know there is only one ant, 
Megalaponera foetens of Africa, which 
stridulatcs in a fashion that is clearly 
perceptible to our ears, but many of the 
Poncrinae and Myrmicinae have stridulat- 
ing organs.” None of these three 
investigators has experimented to learn 
whether or not these stridulations are 
heard by other members of the colony. 
Wheeler (1910, pp. 5iX“-5i4), however, 
not only shows that the stridulatory 
organs arc well developed in the Poncr- 
inac, Myrmicinae, and in a rudimcntal 
form in the Dorylinac, and that the ants 
possessing these organs emit very shrill 
sounds, usually of so high a pitch as to be 
inaudible to us, but that these sounds arc 
means of communication ignored by many 
authors. In contradiction to the view of 
Ford and others who deny hearing in 
ants, “several authors (Metcalf, Weld 
and Wasmann),” writes Wheeler, “have 
recently maintained that ants do perceive 
aerial vibrations.” Wheeler himself at 
one time took this stand when, on actually 
watching the sound producing proclivi- 
ties of ants, he says (1903), 

“I have also virulently expressed myself in favor 
of such a view.” ”Stridulacion readily explains the 
rapid congregation of ants (Myrmicinae) on any par- 
ticle of food which one of their number has found, 
for the excitement of finding food almost always 
causes an ant to stridulate and this attracts other 


ants in the vicinity. It also explains the rapid spread 
of a desire to defend the colony when the nest is dis- 
turbed. This is especially noticeable in species of 
PhtidoU myrmica and Pogonmyrmex. It is the secret 
of being able in a short time to catch ants like P. 
moltfacuns in great numbers by simply burying a wide- 
mouthed bottle up to its neck in the mound of the 
nest.” 

The stridulation of one or two ants that 
fall in at once attracts other ants which 
hurry over the rim and “forthwith swell 
the stridulating chorus till it is audible 
even to the human car.” If the bottle 
be corked and shaken for the purpose of 
still further exciting the contents, and 
then held over another Pogpnomyrmex 
colony whose members arc peacefully 
sauntering about on the dome of the nest, 
“the wildest excitement will suddenly 
prevail, as if there had been a call to arms 
— or to dinner.” Wheeler, in describing 
the stridulation of the Texas leaf-cutting 
ant, Atta fervens (= texana), says, 

“Even more remarkable is the stridulation” in a 
colony of these ants. “Here the different ants, from 
the huge females through the males, large soldiers 
and diminishing castes of workers to the tiny min- 
ims, present a sliding scale of audibility. The rasping 
stridulation of the queen can be heard when the insect 
is held a foot or more from the car. To be audible 
the male and the soldier must be held somewhat 
closer, the largest workers still closer, whereas the 
smallest workers and minims, though stridulation 
may be seen from the movements of the gaster on the 
post-petiole, are quite inaudible to the human ear.” 
He goes on to say that it is not at all improbable that 
“all this differentiation in pitch, correlated as it is 
with a differentiation in the size and functions of the 
various members of the colony, is a very important 
factor in the cooperation of these insects and ants in 
general. The conuct odor sense, important as it 
undoubtedly is, must obviously have its limitations 
in the dark subterranean cavities in which the ants 
spend so much of their time, especially when the nests 
arc very extensive like those of Atta,** 

At one time Wheeler believed that ants 
not only can hear, but that they commu- 
nicate by means of sounds; but after the 
appearance of a paper by Fielde and 
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Parker (see paragraph below), he asserts 
that there is not sufficient evidence to 
warrant the assumption that ants can hear. 
However, he fully realiaed the importance 
of his observations on the reactions of 
ants to sounds made by other ants, for he 
says that if the views of Miss Fielde and 
Parker be accepted, we must suppose that 
Fogonon^rmex were thrown into agitation 
by vibrations passing from the bottle of 
stridulating ants, through his body, to the 
soil of the nest. At first it seemed more 
probable that the ants perceived the 
stridulation directly as aerial vibrations. 
However, despite the supporting evidence 
by Turner, Wheeler became influenced 
by this work and cast a note of doubt 
over the entire subject by finally saying 
it is extremely difficult to exclude the 
transfer to the ants of vibrations through 
the floor, table and walls of the nest, 
**and for this reason we cannot with the 
data at hand reject the statements of 
Fielde and Parker,” and we shall be more 
within the bounds of accuracy “if we 
discuss the question from the standpoint 
of mechanical stimulation, rather than 
to set up questionable distinctions based 
upon human sensations.” Thus he ac- 
quiesces, where he might well have stood 
his ground, on the basis that the sounds 
and reactions by the insects themselves 
in his field observations are a better test 
of their hearing ability than experiments 
in the laboratory. 

It is interesting to note, in passing, the 
attitude of Sir John Lubbock (19x9, 
p. 168), in the face of far more discourag- 
ing results than Wheeler’s. After ex- 
perimenting on the hearing of ants, bees 
and wasps with the loudest and shrillest 
noises that he could produce, and getting 
only negative results, he still believed 
that ants could hear, for he says, ”On the 
whole, although the subject is still in- 
volved in doubt, I am disposed to think 


that ants perceive sounds which we can- 
not hear.” 

And now to consider the work of Fielde 
and Parker (1904). They could not get 
any reactions from ants to aerial sound 
waves from a piano, Galton whistle and 
violin, which collectively gave a range of 
from 17 to 60,000 vibrations per second. 
The ants reacted, however, to vibrations 
reaching them through the soil and other 
solids. These vibrations were received 
through the legs, as they were perceived 
even when the antennae, head, abdomen 
and any one or two legs were removed. 

Turner (1907) found that when ants 
are outside the nest they pay little or no 
attention to sounds, but when inside they 
respond to them with very active move- 
ments. This is true even when precaution 
is taken to prevent the sound waves from 
reaching them through any medium other 
than air. Turner’s work was carefully 
planned with reference to eliminating 
tactile perception, and the results show 
that Formica fusca and F. sanguinea are 
sensitive to vibrations of the air “which 
to human ears would be sounds.” These 
two species are not known to stridulate, 
but they respond to vibrations as low as 
X56 and as high as 4138 per second. 

The responses were in the form of zig-zag move- 
ments, and were usually slight for pitches higher than 
3000 vibrations per second, and sometimes to other 
pitches; but to most pitches under 3000 vibrations 
per second the ants usually responded in a pronounced 
manner, usually darting about as though much ex- 
cited. 

Wasmann (1891) has noted reactions of 
ants to sounds, and, like Turner, worked 
with them within the nests. Washburn 
(1916) thinks he was not careful to ex- 
clude the possibility of vibrations other 
than sound waves influencing their be- 
havior, but if a translation by Staeger 
(1918) reviewing the work is correct, 
Wasmann’s work and method are legit- 
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imate. He experimented on a colony of 
**forest ants” in an artificial nest. Such 
a nest consists of a rectangular block of 
wood or plaster, closed on top with a 
glass plate. In this case the glass had 
been accidentally cracked, and he closed 
the crack with shellac. When the laquer 
was entirely dry, he passed a steel needle 
lightly across it, whereupon the ants in 
the nest suddenly stretched out their 
antennae, agitated them and tried to 
touch the glass above them by raising the 
fore part of the body. The movement 
was so sudden and general that he re- 
peated the test several times, always with 
the same result. But if he rubbed the 
same place with some smooth object, as a 
paper knife, the ants paid little attention. 
As soon as he again scratched the shellac 
with the needle, thus evoking an ex- 
tremely fine, high-pitched stridulation, 
the movement described above was re- 
peated; this, he concluded, was reaction 
to sound waves. The fact that the ants 
reacted only to this high-pitched, fine 
soimd may indicate that it resembled 
something of biological importance to 
them, probably of a friendly nature, since 
they reached for it instead of fleeing from 
it. If their movement was due to a shak- 
ing of the nest, it would also have hap- 
pened when a paper-knife or other object 
wa^ used. In the light of work done on 
hearing among other insects, we can ap- 
preciate Wasmann’s work today better 
than when it was done nearly fifty 
years ago. 

Weld (1899) has experimented on Crenuh 
togasfer lineolafa^ Lasius ammeanus and 
Apbaemgasfer sp.^ and Metcalf (1900) on a 
small black ant, to the conclusion that 
ants perceive aerial vibrations. 

Eltringham (1933, p. 75), says that 
Baier experimented with the ant Al^r- 
mica rubida and obtained responses to 
some notes on a violin. 
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Lubbock (1919, p. 168), says that St. 
Fargeau attributed the power of hearing 
in ants, as well as to bees and wasps. 

In contrast to the foregoing reviews of 
the works of investigators who are in- 
clined to credit ants with the sense of 
hearing, we have a host of students who 
protest against it, some of them almost 
vehemently. Some of them do so on 
grounds of observation and experiment, 
some on morphological grounds, and some 
merely on theory. 

Huber (182X)) says that ants are quite 
deaf, but offers no experimental proof. 

Lubbock (1919) likewise found that 
Camponotus ligniperdus took no notice of 
any sound which he was able to produce. 
Likewise the tests on Lasius, in which he 
wished to find if possible whether ants 
have the power of summoning one another 
by sound, he could not find any communi- 
cation transmitted. Even after this he 
remained skeptical, and maintained that 
ants, “even if deaf to the sounds we hear, 
may hear others to which we arc deaf.” 

Ford stood firm throughout his long 
life in refusing to credit insects with the 
sense of hearing. In his early work, 
probably done in the i88o's and brought 
together in Forel (1908, pp. 109-110), 
he concludes: 

'*What may be considered at proof of hearing 
appears to me to rest, with a few exceptions, almost 
certainly upon mechanical vibrations of the air or 
ground. These are simply perceived as such by the 
tactile organs of insects, . . . but it is not right to 
call such sensations hearing." In a work appearing 
just a few years before his death, Forel (1930, pp. 
115-2.19) says, "Apart from crickets, some locusts 
and grasshoppers, the other insects appear to remain 
deaf as soon as we eliminate the mechanical shocks to 
which all of them are highly sensitive. I have 
shouted and whistled with all the force of my lungs 
equally close to various insects while protecting them 
from my breath. So long as they did not see me, 
they paid no attention." "We can hardly give 
much credence to Leon Dufour, who thought he had 
proved hearing in crickets because they ceased their 
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chirping when he struck the ground with his foot. 
... He forgot that the deaf and dumb feel the rumb- 
ling of a carriage at a distance." "Sound waves, 
especially those of low-pitched sounds, bear a much 
closer resemblance to powerful mechanical shocks 
than luminous caloric or electrical waves. Hearing 
has therefore a fundamenul connection with touch." 
**Ali these facts, so it seems to me, combine to show 
that if insects, particularly ants, have any hearing, it 
takes place in some way different from our own, 
even in crickets and locusts. We are justified in 
assuming that they perceive the stridulations of their 
species as shocks at a certain distance. ‘ ' And finally, 
waxing a bit facetious, "This is all we know about 
the ants' sense of hearing. You will admit, dear 
Reader, that it is very scanty, and will be prepared to 
exclaim, as 1 did, when I had refuted the long dis- 
sertations of so many authors on the seat of insect 
hearing: ‘Heavens I What a large number of ears 
for such a deaf folkl' " 

Myers (sec Lubbock, 19x9, p. 33i)» 
says Ford has long lent the weight of his 
authority as entomologist and psychol- 
ogist to the opinion that not only ants, 
but insects in general, are deaf. 

It is true that many experiments clearly indicate 
in insects an entire unconcern with vibrations which 
seem very loud noises to us; it is probable also that 
their very small size and nature of their framework — a 
rigid exoskcleton— make them sensitive to vibra- 
tions imperceptible to us, which they perceive by 
other means than hearing in the strict sense of the 
term. There is, however, considerable experimental 
evidence that insects can hear, and there are on the 
one hand complicated structures devoted exclusively 
to the production of special sounds, and on the other 
hand exceedingly complex organs to which it is diffi- 
cult to assign any other function than that of hear- 
ing. 

Bees 

Lubbock (19x9) failed to get hive bees 
to respond to artificial sounds. Bethe 
(1900) and Forel (1888) believed bees 
to be deaf. Armbruster (1914, 19XX) 
reports that bees do not hear the sounds 
that they make, and experiments by 
Kroning (19x5) show that bees do not 
hear artificial sounds of the same pitch 
range as their own. Mclndoo C19XX) is 


skeptical about hearing in bees, because 
their only possible auditory organs, the 
chordotonal, lack the external tympanum 
present in crickets and katydids. In his 
conclusion, despite the fact that he has 
added nothing experimentally or observa- 
tionally on sound perception, he expresses 
agreement with ForeFs interpretation. 

Despite these dissenting notes, one can 
hardly laugh off the observations of 
Buttel-Reepen (1907), a keen observer of 
bees. He says odor is not the only factor 
in communication among bees, for when 
the colony notes the absence of the queen, 
there is always a change in the usual char- 
acteristic sound in the hive. There is 
therefore 

not the slightest doubt in my mind that bees com- 
municate with each other by sound. The tone of 
peace attracts hive mates or quiets them; the louder 
buzzing excites them; it disappears if the queen is 
given back. At the same time the whole character 
of the colony changes, and queenless, irritable bees 
become quiet and peaceful and again take up their 
life work, which was laid aside during the excite- 
ment. We must admit the possibility of communica- 
tion between bees by sound, therefore of hearing 
capacity and sound sensations. Each bee has the 
instinct to join in the tone of discontent if it hears it; 
therefore if the absence of the queen is noticed by one 
bee, the agitation is very quickly propagated through- 
out the colony. 

Mrs. Comstock (see Lutz, 19x4), in her 
How to Keep Bees ^ says. 

The belligerent attitude of the queens toward 
each other seems to have been so strong an emotion 
that a voice has been developed to express it. This 
note must be heard to be understood; as nearly as 1 
am able to spell it, it is ‘tse-ep, tse-e-c-ep, tse-e-ep, 
tsep, tsp, tsp, ts’ , in a sort of diminuendo. She makes 
this noise when she discovers another queen cell; 
if there is within this cell a full-fledged queen, she 
pipes back, but it sounds quite different, and is more 
like ‘quack, quack*. This piping of the queen is 
especially evident before an after-swarm is to issue. 
The queen will also pipe when the bees gather about 
and try to ball her. In this case the note is one of 
righteous anger. Her wings vibrate tremendously 
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while she is piping, but she can pipe quite vocifer- 
ously after her wings have been entirely cut off. 

Cheshire (see Lutz» 1924) cannot but 
regard the negative results of Lubbock’s 
observations as inconclusive, since “tun- 
ing-forks, whistles and violins emit no 
sound to which any instinct of these 
creatures would respond.” Should some 
alien watch humanity during a thunder 
storm he might quite similarly decide that 
thunder to us was inaudible. 

**CUp might follow after clap without securing 
any external sign of recognition; yet let a little child 
with a tiny voice but shriek for help, and all would 
at once be awakened to activity." "In practical 
matters, the hearing of bees is not only often obvious, 
but must be taken into account—e.g., when a swarm 
is about to be transferred to its permanent abode 
from its temporary one, many will stick to the sides 
of the latter after the bulk have been thrown out, and 
these, by their buzz, will distract those that are run- 
ning in at the new hive door. The removal of the 
stragglers to a distance will end the disturbance; 
which will be renewed if they be returned to their 
former position." 

He relates another significant incident, 
witnessed by several people. Where sev- 
eral swarms of bees were being handled, 
nearly a pint of lost bees had collected 
for mutual comfort on a piece of damp 
canvas at the bottom of a tent-pole. No 
sooner did the bees in the skep on the 
table above set up the well-known roar 
than those on the canvas, hitherto so very 
quiet, faced about and unhesitantingly 
went up the pole and settled on the out- 
side of the skep. He concludes: “This 
circumstance I remember as offering to all 
who witnessed it conclusive evidence of 
hearing. Piping queens, whatever be 
the cause, seem to point to a sense of 
hearing, for it appears to be a sound made 
for an object and not the result of some 
necessary movement.” 

Wasps 

The Peckhams (1887) carried on some 
experiments on the hearing of the social 
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paper-making yellow-jackets, Vespa ger- 
manica^ and obtained negative results. 
They stood one foot away from the nest 
at a time when the wasps were entering 
rapidly (two hundred in five minutes), 
and made several kinds of noises, shouting, 
whistling and clapping of hands, but the 
wasps took no notice. We should not 
forget that probably these sounds had no 
life significance for them. 

Latoste (192.9) offers experiments to 
show that Vespa crabro is not deaf, al- 
though it may not react to sounds when 
exhausted or when subjected to repeated 
stimulus. 

In Panama there is a social wasp, Syn- 
oeca surinama (Rau, 1933, pp. 111-113) 
with a severe barbed sting. When danger 
threatens, these wasps send out a musical 
warning before launching an attack. The 
use of the barbed sting means the death 
of the wasp; I believe this is why they are 
reticent about attacking an intruder with- 
out first trying to frighten him away with 
their noise. The combs of the nest, 
fastened vertically against the tree-trunk, 
have a covering of heavy, corrugated 
cardboard which serves as a sounding- 
board when the inmates beat their wings 
against the inner surface of it. Thus they 
have built up an elaborate and effective 
defense mechanism on the use of sound, 
but I can offer no experimental proof that 
they themselves hear these sounds which 
they cooperatively produce. 

For the social wasp, Polistes pallipes^ 
Rau (1939) found that when sound waves 
of 1000 vibrations and 6000 vibrations 
per second were continuously focused on 
workers while they were asleep, their 
“abdomens pulsated rhythmically while 
simultaneously the sting moved in and 
out.” The wasps responded thus, appar- 
ently, without waking. 

Qrmerod (1868), p. 74, is quite certain 
that the British social wasps not only do 
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hear, but that they also **make certain 
noises with the intention of being heard." 

Lutz (i 9 X 4 > P* cicada 

hunting wasp, Spbecius spechsus^ that 
since she catches about as many female 
cicadas as she does males, it indicates that 
she does not hear the sounds produced 
by the males. 

Termites 

Andrews (1911) has conducted experi- 
ments which, he thinks, indicate that 
termites respond to concussions of air as 
such. The noise of thunder and the blast- 
ing of rocks would send thousands of them 
scurrying to their nest. Even the clapping 
of hands, which probably was too light 
to jar the stone upon which the nest 
rested, would produce the same effect. 
He interprets this, not as a case of audi- 
tion, but merely that termites seem to 
respond to certain concussions of air. 

Emerson (1918) reports that certain 
sounds by termites have often been heard, 
and it is also well known that the termites 
possess so-called ears on the tibiae. In 
Nasutitermes guyanae^ he finds soldiers 
and workers made no response to any 
noises he made, even when only six inches 
away from them; however, when he 
touched the nest, even delicately, **the 
excited response was very definite." He 
has heard sounds produced by workers of 
Armitermes percutiens when the colony 
was disturbed, and he thinks these prob- 
ably are of use "as a warning to other 
members of the colony." These sounds 
are audible to human ears even five or six 
feet away. With an apparatus especially 
constructed for the purpose, Person 
tested the substratum vibrations of Reticu- 
litermes fiavipes. Some of the soldiers 
resting on the wood were disturbed and 
were thus stimulated to hammer their 
heads upon the substratum. The noise 
was so great that it sounded unpleasantly 


loud through the ear phones. "Thus 
it can be seen that termites in widely 
separated groups have the power to trans- 
mit substratum vibrations, and the experi- 
ments indicate that they have the power 
to hear vibrations through the sub- 
stratum." 

Beetles 

Of the death-watch beetle, which pro- 
duces sound by tapping with its head or 
abdomen, Lubbock (1888, p. 66)> says, 
"if a male death-watch ticks and there 
is a female within several yards, she re- 
turns the tap and they approach one 
another slowly, tapping at intervals until 
they meet." 

Tower (1906) observed the potato beetle 
reacting to the sound of a tuning-fork. 
He says, p. 115, "if a slight noise be made, 
the insect will pause, if the noise be con- 
tinued, they seek safety in flight and if 
it is greatly increased, they assume the 
so-called death attitude." 

Will (1885) mentions his experiment 
on the beetle Cerambyx scopuli. He en- 
closed a female in a box, and at intervals 
irritated her with a pin and caused her to 
stridulate. The male, six inches away, 
would at these time grow restless and 
move toward the box. 

Darwin (1894), in discussing stridula- 
tion in beetles, cites several instances 
where the males stridulate "in order to 
call or to excite the females." Beetles 
stridulate under various emotions; some 
stridulate "in anger or defence," others 
"from distress or fear," "to encourage the 
female in her work," "to frighten ene- 
mies," and finally, "it is probable that the 
two sexes of many kinds of beetles were 
first enabled to find each other by the 
slight shufflng noise produced by the 
rubbing together of the adjoining hard 
parts of their bodies," but not in one 
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instance does he prove that these sounds 
were heard by the insects themselves. 

Bugs 

The back-swimmers, Buenoa Imnocastris^ 
began to chirp almost as soon as Hunger- 
ford (1934) brought them into the labora- 
tory; even in the obscure light of the pail, 
he says, it was apparent that the females 
inspired the singing. 

They sang their courtship songs at all hours of 
the day or night, on cloudy days, on clear days, in 
sunshine or shadow. In the aquarium containing 
three pairs there were times when all the males were 
singing at once. . . . The male singles out a female, 
maneuvers for a position some distance beneath and 
behind her, and begins a ticking sound as he slowly 
cruises nearer the object of his desire, his body aquiver 
with emotion. When within a half-inch or so of the 
female, the ticking changes to a hum, and is followed 
by a sudden dash to embrace her. 

For the watcr-stridcr, Gerris remiges^ 
Essenberg (1915) finds that when a door 
is slammed or a metallic sound is made, 
these insects immediately respond by 
darting backward. If buzzing insects 
are dropped into the water, the striders 
rush toward them, but if the proffered 
insects are dead, they make no response. 
These experiments were tried also with 
blinded Gerris with the same results, the 
sightless striders moving from all direc- 
tions toward the source of sound. These 
facts induced Essenberg to believe that 
water-striders can hear. 

Graber (i88i) found that a water insect, 
Corixa^ was undisturbed by a bone disc 
being pushed toward it in the water, but 
gave decided reactions when the disc was 
connected with an electric bell. 

Graber (see Lubbock, 1888, p. 75) also 
made some ingenious experiments on the 
water-boatman, Corixa, He placed them 
in a deep jar of water at the bottom of 
which was a layer of mud. He dropped 
in stones which sank in the mud, but the 


beetles, reposing on some weeds, took no 
notice. He then placed a piece of glass 
on top of the mud and dropped in stones 
as before, thus making a noise, although 
the disturbance of the water was the same 
as before. The water-boatmen than took 
flight. 

Book lice 

Pearman (1919) says that sound pro- 
duction by Clothilla pulsatoria has long 
been known. The female taps with its 
abdomen at the rate of five or six a second. 
“The sounds produced are undoubtedly 
the mating calls of the female.** 

Flies 

Hancock (1911, p. 115), says some male 
Tabanus flics have been able to win 
females by their humming sound. Miil- 
ler has seen an Eristalis courting a female 
by hovering above her and flying from 
side to side, making at the same time a 
high, humming sound. 

The striking work of Mayer (1874) 
adult mosquitoes frequently appears in 
discussions of the hearing of insects. He 
fastened a live male mosquito to a glass 
slide, and had a series of tuning forks of 
different pitch sounded. 

When the Ut4 fork of 511 vibrations per second 
was sounded, many of the antennal hairs were set, 
sympathetically, in strong vibration. Tuning forks 
of a pitch an octave lower and an octave higher also 
caused more vibrations than any intermediate notes. 
The male mosquito's auditory hairs are specially 
fitted to respond to, i.e., be stimulated by notes of a 
pitch produced by 5x1 vibrations. Those auditory 
hairs are most affected which are at right angles to 
the direction from which the sound comes. From 
this it is obvious that, from the position of the an- 
tennae and the hairs, a sound will be loudest or most 
intense if it is directly in front of the head. If the 
mosquito is attracted by sound, it will thus be 
brought straight head on toward the source of the 
sound. As a matter of fact, Mayer found the female 
mosquito's song to correspond nearly to Uti, and that 
her song sec the male's auditory hairs into vibra- 
tion. 
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With little doubt, comments Kellogg 
(1905) the male mosquitoes find the fe- 
males by their sense of hearing. 

Cicadas 

Fabrc's experiments (1919) on hearing 
in the cicada is often cited by those who 
wish to discredit sound perception in 
insects. A half-dozen cicadas refused to 
stop their singing when he fired ofi^ thun- 
derous explosions of gunpowder from two 
cannon which he had borrowed from the 
municipal artillery and placed under the 
tree. With a flourish he says, “The 
mighty explosion has ia no way affected 
the song of the cicadae,*' and concludes 
that they are “extremely hard of hearing, 
and we may apply to him the familiar 
saying, ‘to bawl like a deaf man*/* Fabre 
forgets for the moment that those sounds 
have no significance to them, as the noise 
of a bird, a lizard or any natural enemy 
of cicadas might have had. Fabre lapses 
into another of his frequent paradoxes 
when he says in the same breath, “I see 
in the grasshopper*s fiddle, the frog*s bag- 
pipes, and the cymbals of the Cacan, but 
so many methods of expressing the joy 
of living.** But how could sounds pur- 
posely made, produce joy unless by being 
heard? 

Myers (19x9, p. loo) and Myers and 
Myers (1918), after much careful observa- 
tion of a number of cicada species in 
different parts of the world, say that “we 
may legitimately conclude that cicadas 
hear.** 

Imms (1931, p. 12.5) remarks that in the 
Cicadidae the presumed absence of any 
receptor organs for sound vibrations had 
for many years been the outstanding 
difficulty in interpreting the function of 
highly developed powers of sound pro- 
duction. It was not until 19x3 that Vogel 
in Germany proved by histological studies 


that true tympanal organs are present in 
both sexes. 

Richards (192.7) cites Poulton’s (1896) 
observation that the males of the cicada 
Monometopa insignis call in rivalry in close 
proximity to the females. In this species 
also there was evidence that the sound 
had to be made for some time before the 
females became acquiescent. On one occa- 
sion the male attempted to copulate too 
soon, and was unsuccessful; he moved 
back to his original position and con- 
tinued singing to the female who re- 
mained by him. 

Another conspicuous bit of proof that 
cicadas perceive sounds is an article by 
Marlatt (1898), wherein he says that 
Cicada septendecim is heard between the 
hours of II and 3, but never between 
sunset and sunrise. However, on rare 
occasions when disturbed, they will 
start up singing in concert in the middle 
of the night. He quotes Prof. A. D. 
Hopkins, who noted an instance of this in 
West Virginia: 

1 was fortunate to hear the starting of one of these 
concerts on a clear, moonlight night in June. One 
male in an apple tree suddenly called out as if dis- 
turbed or frightened. His neighbors in the same 
tree were apparently awakened. One started the 
familiar song note which was at once taken up 
by numbers of other males, and, like the waves of a 
pebble dropped into still water, the music rapidly 
spread until it reached the edge of the thick woods, 
where it was taken up by thousands of singers, and 
the concert was in full blast as it had been the previ- 
ous day. This continued for a few minutes until all 
had apparently uken part and the song had reached 
its highest pitch, when it began to gradually sub- 
side, and in a short time silence again prevailed. 

Moths and butterflies 

Snodgrass (1918) mentions that Peter 
has recorded evidence of perception of 
sound by a female moth, Endrosa remosa. 
The males of the species, he says, make a 
cracking sound as they fly, and when 
one comes near a female sitting quietly 
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and hidden in her usual manner, she 
bestirs herself with a trembling and 
fluttering motion as long as the male 
continues his sound-making. After mat- 
ing the females no longer respond to the 
sounds of the males. 

Snodgrass also cites Eggers* (191.5) 
experiments on Noctuid moths, Agrostis 
pronuba. These moths possess tympanal 
chordotonal organs on the base of the 
thorax, and respond to loud sounds, 
especially to the sharp, squeaking noise 
made by the turning of a glass stopper in 
the neck of a bottle. They react to the 
sound with a movement of fright, starting 
to fly or to run, but on the cessation of 
the sound they fall back into the position 
of repose. Destroying one tympanum and 
its chordotonal organ has no effect on 
the reaction, but if the organs on both 
sides of the body are destroyed the moths 
will no longer react to sounds. 

Turner (1914) and Turner and Schwarz 
(1914) have done excellent experimental 
work on the hearing of Satumiid moths 
in the laboratory, and on Catocala moths 
in the open field. These moths are not 
known to make sounds. Turner finds 
that of four species of silk-worm moths, 
three respond readily to a large range of 
sounds, and the fourth, Telea polyphemus^ 
normally does not . By causing polyphemus 
to associate punishment with certain 
sounds it can be induced to respond to 
those sounds. In their outdoor tests with 
Catocala moths, they found several differ- 
ent species to respond to high notes, 
either by flying or by quivering the wings. 
By touching the insect at the moment 
when the whistle-tone was sounded, thus 
giving to the sound a life-significance, 
they trained some of the moths to react 
to a lower organ tone. These authors 
conclude: “It seems certain that all four 
species of Satumiid moths and several 
species of Catocala moths can hear.” 
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“The fact that an insect does not respond 
to a sound is no sign that it does not hear 
it. The response depends upon whether 
or no the sound has life significance." 

Heinrich (1909) remarks that he noticed 
a Laurentia suffumanta alight in a concert 
pavilion and remain quietly at rest while 
the brass band played three numbers, one 
of which was Wagner’s Gotterdam- 
merung. He also observed that certain 
Lepidoptcra were more easily approached 
at twilight than when the sun was shining 
brightly, and he could not understand 
why this should be true if they were 
warned by a sense of hearing. He is 
convinced in all of these cases, that it is 
vision, not audition, that warns the 
butterflies and moths of danger. 

Hamann (1909) was led to investigate 
the subject by the remarks of collectors 
that butterflies and moths undoubtedly 
hear. One man said that the noise caused 
by removing the cork from the cyanide 
bottle often caused the insects to fly away; 
to this Hamann replied that the net is 
usually placed beneath the insect at that 
time, and the sight of that may cause the 
insect’s flight. To test the matter, he 
approached a tree in such a manner as to 
be invisible to an Apatura iris that was 
resting on it, and struck the tree with the 
bamboo handle of his net. To this the 
insect made no response, but as soon as 
the net approached it took flight. A 
repetition of the experiment with Vanessa 
yielded similar results. He also noticed 
that Catocalas which were not disturbed 
by the noise of a passing automobile flew 
upon the approach of man. These tests 
convinced him that butterflies and moths 
cannot hear. 

Rothke (1909) thinks that butterflies 
and moths can hear sounds. 

Richter (1909) made observations upon 
Catocala pacta^ and is convinced that the 
crackling of twigs underfoot, and even 
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the slight noise made by removing the 
cork from his collecting bottle, disturbed 
the moth. In another article (1910), 
he made a comparative study of the 
auditory powers of the day-flying and 
night-flying Lepidoptera. Lmenitis 
populi and Saf, alcyont^ and species of 
Apatura and Vanessa made no response to 
sound so long as no visible object dis- 
turbed them. During a severe storm he 
noticed a number of Sat, alcyone perching 
on a limb. Neither whistling, the clap- 
ping of hands nor the shaking of the limb 
disturbed them, but as soon as the hand 
of the collector approached, they flew. 
A Vanessa antipoda was not disturbed by 
the shrill whistle and rumbling noise of a 
passing train. A night-flying Catocala 
fraxini made no response to the noises 
made by wagons, automobiles and bells 
of the ferry, but it responded readily to 
slight, high-pitched sounds. He sug- 
gests that the sounds to which they react 
are similar to those made by field-mice, 
bats and owls — sounds which for the 
moth have pronounced life significance. 
Richter is convinced that day-flying Lepi- 
doptera are warned by visual, and night- 
flying forms by auditory, stimuli. 

Collenette (192.8) records an Ageronia 
responding to a noise made by birds. He 
noticed two small warblers fighting on 
the ground, and heard one bird frequently 
making a rapid, clicking sound with its 
beak. A butterfly, Ageronia febrtea sahatia^ 
lighted on his coat, and each time the 
birds made the clicking noise the butterfly 
took a short turn in the air, and. gave its 
characteristic clicking noise in reply. 
The sounds made by the bird and the 
butterfly were very similar, both in quality 
and speed of utterance. “The prompt 
response of the insect left no doubt that 
it was replying to the birds.** 

Eltringham (1933, p. 7O after review- 
ing the subject of hearing in insects. 


including many Lepitoptera, concludes 
that there is little evidence that insects 
(other than grasshoppers and cicadas) 
can hear in a sense comparable with that 
faculty in the vertebrates. 

They may be and sometimes are affected by sounds 
and respond to them, but in the majority of observed 
cases the action is probably more akin to a uctile 
sense of vibration than to a true auditory sense. It 
may even be a sympathetic vibration in response to 
air waves of a certain frequency just as a glass bowl 
or string of a muscial instrument ‘*will respond to 
air-borne waves of a frequency similar to that of their 
own natural periods." 

I may say, parenthetically, that these 
conclusions are based on a study of insuffi- 
cient literature; many important refer- 
ences (such as Turner, 1914) have been 
omitted which might have modified the 
complexion of the deductions. 

Caterpillars 

Minnich (1915), according to Eltring- 
ham (1933), experimented with the larvae 
of the butterfly, Vanessa antipoda. In 
response to sounds, they moved the an- 
terior part of the body. They were 
affected by the human voice, a piano, 
organ, violin and tuning forks; pitches of 
3x to 1024 were effective. As decapitated 
bodies and parts of bodies also responded, 
he concluded that the organs involved 
were certain hairs on the anterior part 
of the body. 

Baier's experiments (1930) with larvae 
of the cabbage butterfly, Pieris brassicae^ 
confirm these results. 

Abbott (1917) carried on similar tests 
on caterpillars of the moth Datana per- 
spietta. Definite responses were noted 
to air currents, sudden jars, and only two 
notes, C'^ (511 vibrations per second) and 
F sharp (7x8 vibrations). Larvae thus 
stimulated elevated the anterior and 
posterior regions of the body. During 
the experiments the larvae were protected 



HEARxm m msmrs 


133 


from air currents; they were several feet 
from the instruments, and vibrations from 
the substratum were eliminated. The 
caterpillars showed no response when 
the body hairs were covered with water, 
or when the body surface was anaestheti- 
ci 2 ed with a i per cent solution of procain. 

Minnich C193O tested seven species of 
butterfly larvae and eight species of moth 
larvae, belonging to eight different fami- 
lies, and has found them to be responsive 
to sound. The response to sound of hair- 
less forms he finds to be essentially the 
same as for the very hairy forms. 

Short-anttnnaid grasshoppers^ or locusts 

Hancock (1911, p. 341), records the 
behavior of a male Carolina locust Dfr- 
sosteira Carolina, It was seen to start 
from the ground, mount into the air three 
feet; here he balanced himself in midair 
for several seconds. At first his wings 
vibrated very rapidly, but toward the end 
of the flight they became slower, and then 
he dropped to the ground, where he joined 
two other males; all three had an active 
greeting, all taking part in the stridulat- 
ing. This had the effect of attracting 
the male of the sprinkled locust, Cbloealtis 
conspersa^ and in a moment he also joined 
in the jollification. * 'There seems no 
doubt but that the Acridians have a culti- 
vated ear for grasshopper music, aside 
from its mere secondary sexual attrac- 
tion.*’ 

Fulton (192.8) observed the sound-mak- 
ing, and incidentally the hearing, in a 
species of grasshopper, Circotettix coconino, 
in Arizona. This species “effects periodi- 
cal community outbursts of a loud, 
rattling noise made with the wings while 
putting on an exhibition of stunt-flying.** 
At intervals of about one-half hour, 
Fulton would hear some of these grass- 
hoppers flying in the distance. The 
sound wo^d approach, and suddenly 


several of the insects nearby would take 
to the air, and make the desert ring with a 
terrible clatter. Then they would settle 
down and he would hear the wave of 
disturbance passing on to other parts. 
He says in conclusion, “How do these 
grasshoppers, resting on the ground, 
often under the plants, know when it is 
time to perform their aerial antics, except 
by a sense of hearing?” 

Richards (1917) remarks that in some 
grasshoppers, Psophos stridulus and 
Stauroderus scalaris^ there is an additional 
mechanism by which the wings make a 
loud rattle when the male, who is more 
aerial than usual, is traveling through 
the air. There is ample evidence that 
the males stridulate to excite the females 
and also sometimes in rivalry with one 
another. 

Poulton (1896, p. 133), says that the 
male of Psophos stridulus has a special call 
which he utters only in the presence of 
the female. His observations also show 
that in several species of grasshoppers 
only the male stridulates at all, or at least 
persistently, in the presence of the female 
and that sometimes two or more males 
will stridulate near the same female. 

Weaver’s studies (1935) are summarized 
in Biological Abstracts as follows: 

The threshold of auditory sensitivity of four 
grasshoppers was determined from the electrical 
response of the nerve leading from the tympanal 
organ. These insects proved very insensitive to low 
frequencies. Near the lower limit it required for 
threshold stimulation a sound of about 95 db. above 
human threshold. With rising pitch the auditory 
sensitivity increases until at 10,000 cycles it closely 
approaches that of man. Beyond that point the 
sensitivity decreases until the upper limit is reached 
around 10,000 cycles. 

Faber (192.9) is summarized in Biological 
Abstracts: 

The males of each species produce a certain num- 
ber of other sounds in addition to their ordinary 
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audible exf>reiiions. For example, Chmbifpu fsr- 
dUhts shows seven kinds of scridulations which ex- 
press four different conditions: the ordinary song, the 
rival song, the courting song and the mating song. 
In courtship almost all species show a striking dimi- 
nution of tone strength as compared with their other 
sounds. In Staurodtrus biguttafus at the height of 
courtship there appears a special form of stridulation 
which produces a scarcely audible sound. Rivalry 
of males was noted for S. mollis^ where there is a 
reciprocal answering of males. The exchange of 
rival songs occurs in all species after reciprocal hear- 
ing. In S. hicolor the exchange of the chirps of the 
males has also been shown to be of the nature of rival 
songs which can be induced through imitation. 
The importance of the rival song is that it increases 
the eagerness of courtship and causes a collection of 
males around a female. 

Katydids 

Hancock (1911, p. loi), observed a male 
‘ ‘arboreal ‘ ’ katydid, Cyrtophylum perspicilla- 
tus one September, commencing to stridu- 
late each evening between 6:15 and 6:30, 
and no artificial sounds or mimicking could 
induce him to start earlier. When this one 
in the tree began to sing, another male 
which was kept in captivity would start 
almost simultaneously with him, but 
when the latter was kept indoors, so 
outside sounds were excluded, he failed 
to show any sympathetic reaction. Han- 
cock says that it certainly seemed that 
he was awakened to activity by recog- 
nizing his neighbor’s sounds. 

Discussing the “swordbearer” katydid, 
Conocephalus attenuatus^ Hancock (p. 337) 
exclaims: “What a picture this cone-head 
katydid presents during the height of his 
musical performance. In answering his 
rivals his enthusiasm seems to .rise to 
supreme heights, as signified by the 
energy exercised in rubbing his wings 
together in rapid vibration.** 

Allard (1919, p. 576), verifies Caudell's 
statement that the female conehead, 
Neoconocephalus robustus^ when handled, 
stridulated like the males. He finds also 
that the females of other species of katy- 


dids in the field emit a characteristic call 
of their own. “These call notes appear 
to be of the nature of true sex calls or 
invitations to the males, for a number of 
these in every instance at once congregated 
about her,** some of them flying from the 
shrubbery near by. Allard has observed 
this behavior in the females of the bush 
katydid, Fhaneroptera curvicauda^ the 
round-winged katydid, Amblycorypha ro- 
tundifoliay and the larger angular-winged 
katydid, Microcentrum rhombifolium. 

He also says that he came upon one of 
the most remarkable instances of perfect 
synchronism in a group of cone-headed 
katydids, Neoconocephalus exiliscanorus^ 
rasping out their ‘ ‘dzeet — dzeet — . * * From 
time to time one or another would pause 
after the usual series of 18 to 2.5 notes. 

When it again joined the chorus its notes were 
always perfectly timed to accompany those of the 
other singers. Here for a long period of time this 
dropping out and taking up the muscial play was 
indulged in, but always with the same perfect syn- 
chronism with its fellows. 

Of the bush katydid, Fhaneroptera curve- 
cauday he says, 

I had at one time a female in captivity in my bed- 
room which would lisp out responses to my own lisp- 
ing mimicry as often as I dared stimulate it. In tests 
of this katydid I stepped away slowly the entire length 
of the room, lisping so low as barely to hear it myself, 
and yet it heard it and responded promptly.’* He is 
thoroughly convinced that insects of this group hear 
sounds, for he says, ’’That all insect instrumentalists 
hear their own sounds I have not the slightest doubt, 
for I have positive evidence that their hearing is 
exceedingly acute. 

Fulton (19x8) says that “the fact that 
certain species of Orthoptera synchronize 
their notes seems to me conclusive evi- 
dence that they can hear each other.** 
With this in view, he experimented on 
Amblycorypha rotundifolia brachyptera. The 
synchronism exhibited by ten males was 
almost perfect. After observing the song 
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of the whole group for two nights, the 
cxpcrimcntor removed four of them to 
another cage after first removing from 
each the front tibiae containing the 
tympanal organs. Thereafter the syn- 
chronization in this group was completely 
ruined, while it continued as before in the 
cage of controls. 

Fulton then got still more remarkable 
results on the Nebraska conehead, Neo- 
conocephalus nebrascensis. Separating four 
males into two lots, and kept out of hear- 
ing range of each other, it was found that 
the synchronism of each couple was 
perfect. The front tibiae of one pair was 
then removed. On the second evening 
after the operation these two coneheads 
were singing with a conspicuous lack of 
coordination; at the same time the normal 
coneheads in the other cage were keeping 
up perfect synchronism. 

Crickets 

In spite of the fact that Lutz (1914) 
takes the conservative view of the audi- 
tory powers in insects, he states (p. 356) 
that while breeding crickets for other 
purposes he had hundreds of them under 
constant observation, and “it seemed to 
me that I could tell by listening to the 
males whether they were courting females, 
defying other males, or just passing the 
time.’* Inasmuch as he is not the one for 
whose edification the performance was 
done, won’t he please give the crickets 
credit for doing at least as well as he did? 

Lubbock (i888, p. 63), mentions that 
Brunelli kept and fed several male crickets, 
Gryllus viridissimus^ in a closet, and they 
continued singing all day, but a rap on the 
door would stop them instantly. By 
practice he learned to imitate their chirp- 
ping; when he did this at the door, at 
first a few would answer him in a low note, 
and then the whole party would take up 
the tune and sing with all their might. 
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That the tympanal organs in field crick- 
ets are auditory in function is supported 
by the ingenious and controlled experi- 
ments of Baier (1930). Crickets previ- 
ously conditioned to life in cages were 
placed, with sexes segregated, in different 
rooms sufficiently distant to be beyond 
the range of sound perception. A micro- 
phone, placed in the cage of males, was 
connected by telephone with a receiver 
in a cage of females of the same species. 
The females approached the receiver with 
actively moving antennae and performed 
movements indicative of search for part- 
ners. When the current was interrupted, 
they moved away from the receiver, but 
as soon as the connection was re-estab- 
lished they came to the receiver again. 
The females whose tympanal organs had 
been excised failed to respond, as did also 
those which had been locally anaesthe- 
tized with ethyl-chloride. Phonograph 
records of the male stridulatory notes 
produced the same response as the living 
insects. 

Regcn (i9i2.)i hy controlled experiments 
and the use of phonograph records, got 
some important results with field crickets, 
Liogfyllus campestris. Females responded 
to the song of the male on the phono- 
graph, and ceased to respond when the 
tympanal organs were removed. He 
proves conclusively that the sound, and 
not odor or sight, attracts and directs 
the female toward the male. He further 
tested the auditory ability of the females 
by placing on the floor two glass vessels, 
one lined with black paper and the other 
transparent. Into the opaque jar he 
placed a chirping male, and into the 
transparent jar a quiet one. Normal fe- 
males ran to the vessel containing the 
invisible, chirping male, but ignored the 
other one with its male in clear view. 
Females whose tympanal organs on the 
forelegs had been deleted did not react 
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to either vessel. That the response was 
not due to an odor liberated by the move- 
ment of the male's wings when chirping 
was shown by removing the edges of the 
wings» so the motion, while otherwise 
unchanged, was noiseless; the response of 
the females ceased. 

Regen (1916) carried on experiments to 
test the influence of artificial sounds on 
the stridulation of the cricket, Thatnno- 
trixpn apurus. He finds that a Galton 
whistle, a bell, etc., and the chirping of 
other species interfered with the chirping 
of this cricket, and that the "S" sounds 
of the human voice called forth their 
response. Tests were also made to deter- 
mine the highest pitch to which they 
would respond. 

Baumgartner C^sii) says the female 
mole-cricket, Gryllotalpa borealis^ has a 
loud, distinct chirp in the burrow. It 
usually consists of a single note, but it 
may be repeated at short intervals. The 
note is less shrill than the ordinary call 
of the male. Both sexes use their calls 
as a means of recognition in the dark bur- 
rows, and especially when digging new 
tunnels. 

Weaver and Bray (1933) experimented 
on auditory nerve impulses in crickets 
and grasshoppers. This consisted in pick- 
ing up electrical changes produced in the 
tissues as a result of sound stimuli, ampli- 
fying these changes and conducting them 
to a telephone receiver where they were 
observed as sound. Responses were ob- 
served in katydids ranging from 800 cycles 
per second to well above the limit of 
human hearing; in crickets, from 300 to 
8000 cycles. The response was a slushing 
noise, and was the same in quality regard- 
less of the frequency of the stimulus. 

Tree Crickets 

Shull is quoted by Allard (1930) as 
having observed two snowy tree crickets. 


about five feet apart, chirping in Sttcb 
accurate unison that he did not at once 
realize that there were two of them. 
Soon one stopped; the other hesitated, 
chirped weakly and even lost a beat. 
After an irregular solo of several minutes, 
the other cricket resumed. At the first 
chirp, the first singer struck a note out of 
tunc, then lost a beat as if startled; it 
next voiced a half-dozen weak, uncertain 
chirps, then increased in intensity until 
the two crickets were again chirping in 
exact unison. Allard remarks that this 
behavior would imply that the crickets 
not only hear their own sounds, but also 
were attempting to preserve a unison in 
them. 

Allard (1919, p. 583), says from his own 
observations that many insects not only 
chirp in small groups, but a number of 
them appear inclined to bring their notes 
into synchronism with those of their 
fellows. "This procedure seems some- 
what remarkable, and some . . . have 
been inclined to question this behavior. 
Synchronous chirping is an undoubted 
fact, however, and there is no reason why 
an insect or bird should not in some 
instances perceive rhythm and keep step 
as well as a human being." He is con- 
vinced that the snowy tree-cricket and 
also the little tree-cricket, Cyrtoxipha 
lundlachi^ prefer to chirp in unison with 
their fellows. By an imitation of their 
noises he has led chirping crickets to 
speed up their rate noticeably in order 
to keep pace with him. 

Allard (1911) describes the stridulation 
of the shield-backed grasshopper. At- 
lanticus pachydermus^ and says that several 
times while watching them by lantern 
light he lisped an imitation of the notes 
and got an immediate response. 

Fulton (1915, 1918 a, 1918 b) has shown 
in important experiments that tree crick- 
ets, (kcantbus niveus^ actually hear sounds. 
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Smd do &o with the tympanal structures 
on the fore tibiae. In control experi- 
ments, they were found to chirp in unison 
“as if a single cricket were singing.’* 
In another lot with the forelegs ampu- 
tated, the chirping was quite different, 
without any rhythmic unison whatever, 
producing “an utter confusion of notes.” 

Fulton (1933) gives the views of some 
other investigators as well as his own 
on the sound making habits of certain 
female Tettigoniidae. The female call 
is made in direct response to that of the 
male; this of course indicates that the 
female must have heard the sounds. He 
quotes Riley (1874) who describes the 
song of Scuddtria furcata^ and says “the 
call is occasionally responded to by a 
faint chirp of the females produced by 
stretching out their wings as if for flight.” 
He says the prolonged, rattling song of 
Microcentrum rhombifolium is “invariably 
answered by a sharp chirp or tschick from 
one or more females who produce the 
sound by a sudden upward jerking of the 
wings.” 

Fulton himself observed Scudderia tex~ 
ensis. He heard a male singing in the 
yard one night, and immediately after it 
sang, a brief series of faint, tapping sounds 
came from a cedar tree. With a flash-light 
he located the female and saw it produce 
the sound by working the tegmina in a 
manner similar to the male. Her reply 
always came about a half-second after the 
conclusion of the male’s song. On an- 
other night he heard, at a distance of 
about thirty feet, a faint sound like “chp” 
following the prolonged ticking song of 
M. rhombifolium; this was repeated almost 
every time a male sang within a radius of 
forty yards. He located the female and 
watched her make the noise by spreading 
and closing the dorsal edges of the teg- 
mina. He actually found that the males 
come to the females for mating. “The 


females did not move from the places 
where they were first discovered. If the 
males are guided only by the faint replies 
made to their songs, they must have a 
remarkable ability to locate sounds.” 

Insects often make sounds, says Allard 
(1919) for the same reason that birds and 
humans sing, “because they love sound 
and find it a means for self-expression; 
it is a part of their lives.” Song may in 
some instances have a sexual significance, 
but the theory ascribing sound to sex in 
insects has probably been much overdone. 

I have heard the snowy tree-cricket chirp at the 
rate of about 90 timet per minute all night long. 
Think what this means; 5400 chirps per hour, 64,800 
chirps in a ii-hour night, nearly 4,000,000 chirps in 
a period of 60 days, demanding the muscular energy 
of 16,000,000 wing strokes on the basis of four 
strokes for each chirp. What is it all about? Sex 
alone does not explain it; no cricket needs to chirp 
itself to death-~chirp a cool million or five million 
times day and night in one bush to win the momen- 
tary attentions and embraces of a silent, lonely female 
in the vicinity. 

Cockroaches 

Because roaches do not make sounds 
that human ears can hear, and because 
students have been unable to detect organs 
of hearing in their bodies, roaches have 
generally been regarded as dumb. 

Miall and Denny (1886), in their 
authoritative book on the roach, conclude 
that “the auditory organs are best devel- 
oped in such insects that produce sound 
as a call to each other. The cockroach 
[Blatta mentalis’\ is dumb, and it is 
therefore not a matter of surprise that no 
structure which can be considered auditory 
should have been detected in this insect.” 
The attitude of these authors in the matter 
of sound perception has set the standard, 
and students generally accept this opinion. 
Clarence L. Turner (1916) reflects this atti- 
tude when he says “the sense of hearing 
is obviously not a factor in the sexual 
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activitiest m the roach, for there are no 
organs for the reception of sound.'* 
Charles H. Turner (1913), however, rec- 
ords on the contrary that while doing 
other experiments with this roach he no- 
ticed that “when the tinners were fixing 
some guttering of a near-by house, the 
roaches were quite responsive to certain 
noises made by the tin." A meager 
observation by Grabcr (1882.) mentions 
that a Blatta^ running about on the floor, 
would stop for an instant when the strings 
of a violin were struck, or in another case, 
a blinded specimen hung by a thread 
became violently agitated at a sudden 
tone from a violin. 

Some interesting work has been done 
in a highly technical way by Pumphrey 
and Rawdon-Smith (1936 a). With the 
use of platinum electrodes brought in 
contact with an active nerve, the authors 
show that "a response from certain tactile 
receptors may readily be excited by audi- 
tory stimuli." Evidence is produced to 
show that the anal cercus of the cricket 
and the cockroach, Periflaneta americana^ 
has a partly auditory function. On the 
other hand, so they say, it seems possible 
that the acoustic function of the cerci is 
merely incidental. While the difficulty 
of distinguishing between acoustic and 
vibratory stimuli for an organ such as the 
cercus is fully realized, the relative 
insensitivity of the organ to all but the 
lowest frequencies, together with the fact 
that in the cricket it is frequently in con- 
tact with the ground, leads us to suppose 
that its main function here is to mediate 
the detection of earth-borne vibrations. 
In the corkroach where the cercus is car- 
ried more or less erect, it seems likely that 
its function as a wind gauge may be equal 
in importance to its function as an acous- 
tic organ. (See also same authors, 1936 b 
and 1936 c.) 


EXPERIMENTAL BVIDBNCE 

The oriental cockroach^ Blatta orientalis 

The life histories of the three common 
species of cockroaches, Blatta orientalis^ 
Periflaneta americana and Paracoblatta fen^ 
sylvanicus^ were studied during 1937 and 
1938. (The identifications of the latter 
two species were kindly verified by Mr. 
Morgan Hebard of the Academy of Natu- 
ral Sciences of Philadelphia.) These 

roaches were confined for the most part 
in large glass fish bowls. Close observa- 
tion during that period has given me no 
indication that roaches can create sounds 
audible to the human car. On the other 
hand, the evidence from several incidents 
has led me to believe that they may be 
able to hear certain sounds. While 

searching for tangible proof of this, I 
often sat gazing into the bowls containing 
many roaches. On one such occasion, 
during an approaching storm, the wind 
banged the door, and what I saw then 
induced me to plan experiments to test 
their auditory powers. 

The roaches often rested on a pyramid 
of cardboard which occupied the center 
in each glass container. When the door 
banged, a panic occurred among half of 
those that were resting quietly on the 
pyramid before me; the remaining half- 
dozen did not move. This raised in my 
mind these questions: Did the roaches 
actually hear the sound, or did the vibra- 
tion of the bang cause the table or the 
container to shake and induce them to 
react through the sense of touch? If one 
or the other, why did some scuttle to 
safety and others remain quiet? The 
table on which the bowl rested was near 
the door; did some of them see the move- 
ment of the door and react through the 
sense of sight? Both the vibrations of the 
table and the sight of the moving object 



HEARING IN INSECTS 


139 


were factors which may have influenced 
their behavior, so I decided that in further 
experiments these two probable influences 
must be excluded. 

To this end, a screen was placed between 
the container and the door, so the roaches 
could not possibly see its motion. Pre- 
cautions were also taken to prevent any 
vibrations other than sound-waves from 
reaching them; this was done by placing 
large pads of cotton wadding under each 
table leg, under the fish-globe which 
rested on the table, and under the glass 
lid that covered the globe. The latter 
method left open spaces between the props 
of cotton through which sound could 
enter, and the cotton prevented the lid 
from noisily vibrating against the glass. 
Experiments were then carried on by 
purposely banging the door from time 
to time (Series A), until the banging of 
the door caused a large portion of the 
plaster ceiling to crash to the floor. 
After this cataclysm, methods of a more 
scientific nature were followed (Series B). 
The early experiments (Series A) were, 
however, very valuable, for they sug- 
gested the plan for the later work. 

Experiments: Series A 

Exp. I. June Z3, 1937. Door banged 
and four of the six roaches in the jar gave 
a sudden start; two of these ran to the 
floor. Two of them gave no response. 

Exp. X. August 15, 1937. 9:30 p.m., 
86® F. Three females on pyramid; door 
was banged; one gave a quick jerk, two 
did not move. 

Exp. 3. August 17, 1937. 8:00 a.m., 
80® F. Three roaches, one female and 
two males, were on top of pyramid; 
banged the door five times at intervals of 
one-half minute. First bang brought no 
reaction; second bang brought a slight 
movement of the female only; third bang 


brought a marked jerk from the female; 
fourth bang saw the female run down the 
incline for an inch and stop suddenly, 
while the two males reacted for the first 
time, giving a quick jerk; one moved no 
further, and the other ran for a distance 
of an inch and stopped; at the fifth bang 
the female ran to the floor and hid under 
a cardboard, while the two males ran 
down the incline for a short distance and 
stopped. 

Exp. 4. One half-hour later. Two males 
and one female same as in last experi- 
ment; these and one new male were resting 
on pyramid. First bang, the two old 
males and one old female dropped to the 
floor and ran under cover; the new male 
refused to move and was now the only 
one exposed to view during the subsequent 
four bangs; this male remained adamant 
and refused to budge during the entire 
process. 

Exp. 5. August 2.7, 9 p.m., 82.® F. Two 
females on cardboard pyramid. With the 
first bang, both ran a short distance and 
stopped. 

Exp. 6. August 17, 9:40 p.m., 81® F. 
One female and one male on pyramid. 
Five door-bangs at one-fourth minute 
intervals. The female reacted to all five 
bangs, very strenuously to the first two, 
feebly to the next two, and merely a 
slight jerk at the last; the male reacted to 
only one, the third, and this with a jerk. 

Exp. 7. August 17, 9:50 p.m. 8i® F. 
Only one female exposed; five bangs given 
at intervals of one-fourth minute. With 
the first, she rushed down the incline for 
two inches and stopped; at the second she 
ran to the other side of the pyramid and 
stopped; to the last three she gave no 
further reaction. 

Exp. 8. September i, 8:30 p.m., 90® F. 
Nymph in the last instar. Five bangs at 
intervals of one-fourth minute. With the 
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firsts it ran three inches and stopped; at 
second and third, it ran further; at the 
fourth and fifth, there was no response. 

Exp. 9. Last test repeated five minutes 
later. With first bang the nymph gave a 
sudden jerk; it gave no reaction whatever 
to the other four. 

Experiments: Series B 

In the preliminary experiments we have 
evidence that roaches possess the ability 
to perceive sounds and that they react to 
them by a jerk or a short run. On the 
other hand, some individuals give no 
reaction whatever to loud sounds; this 
may signify one of two things: either 
certain ones are deaf to these sounds, or 
all hear them but certain individuals in- 
hibit any outward response. 

In the present scries of experiments, I 
intend to test their reaction to some 
sharp sound similar to that of the door- 
banging, and, in addition to this, to test 
their reaction to sound-waves of various 
known vibrations. For producing a sharp 
sound, a galvanized wash-tub was banged 
with a small fireplace shovel. For the 
planning and setting up of an instrument 
for producing sound of a known number 
of vibrations per second, I am indebted 
to my son David, who installed a device 
for producing sounds varying from a 
frequency of 13 vibrations per second up- 
wards to one of 6000 vibrations. He 
describes the instrument as follows: 

The sound impulses were generated by an audio- 
oscillator with a continuous frequency range of 15 
to about 6000 vibrations per second. The circuit 
employed was the conventional one using a* neon 
glow lamp in connection with fixed condensers and 
a more variable resistance. This circuit gives a 
saw-tooth wave form instead of the more usual sine 
wave form. These sound impulses were amplified 
by a four watt audio amplifier, and reproduced 
through a dynamic loud speaker. The loud speaker 
was suspended by springs from the ceiling in order 
to eliminate the possibility of vibrations reaching the 


roaches throng the table, or through any other 
^tian trough the air. While this source of 
audio power left much to be desired from the stand- 
point ^ the physicist working in sound, due to the 
non-sinusoidal ^aracter of the wave-form, and due 
to the fact that a slight amount of 60 cycle hum was 
introduced into the output from the power lines, it 
was considered perfectly adequate for the work in 
hand. 

A platform at a lower level than the 
loud speaker, and two feet away, was 
set up on the table. A jeweler’s tray, 
with a velvet floor which would give the 
roach a foothold, was placed on the plat- 
form, and finally the arena was made by 
placing a tin ring, five inches in diameter 
and four inches high, on the velvet- 
covered tray. A thick padding of cotton 
and felt was placed beneath the tray, 
beneath the platform and also under each 
leg of the table, to prevent vibrations 
other than aerial sound-waves from reach- 
ing the roaches. The stock of roaches, 
each numbered and placed in a separate 
small jar, was kept in a room at the ex- 
treme opposite end of the house where, 
behind closed doors, they could not hear 
(and therefore could not be influenced by) 
what was going on in the laboratory. 
They were carried into the laboratory one 
at a time and dropped into the arena where 
the tests were given. The earlier tests 
were made at intervals of ten seconds, 
but later at intervals of one-half minute. 

The results with the audio-oscillator 
during the early part of the work were 
principally negative, and I decided to 
introduce the loud, sudden sound. By 
hanging the inverted wash-tub over the 
back of a chair and striking it with the 
shovel, I was able to create a bang equal 
to, if not louder than, the banging of the 
door. The tub-banging experiments were 
alternated with those of the audio-oscil- 
lator. Sheets were especially ruled and 
symbols were employed so that the results 
of each test could be quickly recorded. 



HEARING IN INSECTS 


The method was, therefore, to drop a 
roach in the arena where it would run 
around for a few seconds and then stop; 
immediately after it had quieted down a 
sound was given, and the roach either 
remained motionless or responded by 
running again or by giving a startled jerk. 

Experiments on adult females 

The work was carried on with fe- 
males, each kept in a separate container 
and each given several trials on many 
separate days. As tests were made, the 
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complete and pronounced reaction; an 
X indicates a slight reaction; a minus 
sign indicates no reaction whatever. 
In order to simplify the results, I have 
omitted in the tables of summary (Tables 
i, 4 and 6) the distinctions of slight and 
pronounced reactions, and have treated 
both reactions as one. In the combined 
trials 1 and i, for example, we read that 
female No. 16 gave X5 responsive reactions 
to 13 bangs on the tub, at intervals of ten 
seconds. In Trial 4 we read that 7 
negative results, x strongly positive reac- 


TABLE I 

Sampli ofrtcorJini sheits used in testing bearing ability of individual cockroaches* 


No. 16. Species: B. orientalis. Sex: Female adult 
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♦ T.B., tub-bang; — , no reaction; X, slight reaction; *, very definite reaction. 


results were recorded on specially ruled 
sheets, a sample of which is given in 
Table i. 

This table is self-explanatory. Each 
trial (first column) consisted of either five 
or ten tests (last series of columns). The 
abbreviation “T.B.** under stimulus means 
tub-banging, and the number under “vi- 
brations per second “ is that used for 
experiments with the audio-oscillator. 
The symbols given in columns i to 10 
under the heading “Tests’* needs an ex- 
planatory remark: the asterisk indicates a 


tions and i slight reaction were the 
behaviors of the roach. Again in Trial 6, 
when subjected to impulses of 6000 
vibrations per second, and continued 
through Trial 7, the responses were poor. 
The results of the work on all 13 females 
are tabulated in Table x. 

This table shows that, at temperatures 
varying between 54® and 80® F., the X3 
females were given 44 trials involving 370 
tests with a loud, metallic bang. Tlic 
results, tabulated in columns 6 and 7, 
show ixx negative and X48 positive rc- 
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suits; in other words, 67 per cent of the 
tests indicate that adult females heard 
and responded to the loud, sudden noise. 
The audio-oscillator tests (columns 8 to 
ii) at 1000 vibrations per second gave 
no positive reactions whatever; at 6000 
vibrations per second (columns 11 to 15), 
40 out of }oo tests (or 13.3 per cent) gave 
positive results. This percentage is so 
small that one would be tempted to dis- 
regard these results entirely, except for 
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tion she reacted in 8 out of 10 tests. This 
indicates at least that the antennae are 
not the seat of hearing. One might sus- 
pect that negative results are due to fatigue 
from excessive testing, but a careful check 
shows this is not true. Insects, of both 
sexes and also nymphs, which gave nega- 
tive results in the vibration tests often 
responded to the louder test immediately 
afterward, as may be seen, for example, in 
Table i. 


TABLE 3 

Samfli of record made by a nymph (f gpown') in hearing- ability tests 


No. 4. Nymph J grown. Species: B. orientalis 



the fact that the 40 good responses came 
from only 7 females. This indicates 
either that certain females have a more 
acute sense of hearing than others, or 
that, because of old age or other causes, 
they are less able to inhibit reaction to 
sound waves of 6000 vibrations. Female 
74 gave a good account of herself, having 
responded to 6000 cycles in 2.1 out of 35 
tests; female 16 responded equally well 
in both banging and vibration tests, while 
female 105 responded in 6 out of 10 tests 
at 6000 vibrations. One individual de- 
serves special mention: female 34 went 
through the last ten tests with her anten- 
nae removed at their base; in this condi- 


Experiments on nymphs 

The same method of experiment and 
the same tabulations were made for the 
nymphs as for the adult females. These 
immature roaches were i to J grown. 

In Table 3 I present a sample record for 
one nymph (No. 4). This is to be read 
in the same way as the previous one on 
the adult female. It shows that this roach 
gave a good many positive responses to 
the sound produced by banging the tub. 
In Trials i, i, 3, 5, 6, out of 35 tests only 5 
were negative; and for the ones tested 
with 6000 vibrations per second (Trials 
4, 10 and 1 1) all were negative. In Trials 
8 and 9, 1 find that the loss of antennae is 
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no hindrance to perception of the loud way, and the results of the work are 
sound. presented in Table 4. 

Seventeen nymphs were tabulated in this Here again we sec that the responses to 
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the audio-oscillator at various frequencies 
was nil, but the 400 tests using the loud 
bang as a stimulus, 68 per cent gave posi- 
tive responses. Here too, as in the 
experiments on adult females, we find that 
the removal of the antennae is no hin- 
drance to the perception of this sound. 

I have thus far been unable to distin- 
guish the sexes in nymph roaches, and it 
might be possible that in the immature 
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method of approach. I refer to Trial 9; 
here the male was permitted quietly to 
spend two days, without tests, in the 
arena on the experimental platform after 
having given negative results in the 6000- 
vibration test in Trial 8. On the morning 
of October 5 I watched this roach for half 
an hour and found that, to the best of my 
knowledge, it was asleep. I then sud- 
denly gave the 6ooo-vibration sound and. 


TABLE 5 

Samplt tfrectrd mait hy an admit malt cockroach (^No, 24) in hearing tests 



stages one sex is more keen than the other 
in sound perception. 

Experiments on adult males 

The conditions and methods of the 
experiments were the same for the males 
as for the nymphs and females. The work 
was carried on with xi males. 

Table 5 gives a sample record of one 
male. No. 2.4. There is one reaction 
which is especially noteworthy, in that it 
brings into work of this Idnd a new 


to my great surprise, the roach gave a 
sudden leap. Had the insect been awake, 
it would undoubtedly have inhibited the 
response, as it did in the tests of Trial 8 
and also in tests 1, 3, 4 and 5 of Trial 9. 
The success of this venture caused me to 
repeat the ‘‘sleep” experiment with male 
No. 58 (see Table 6), with the same result. 
Taken unaware, at the sound of 6000 
vibrations he also gave a sudden leap, a 
reaction which he never repeated in the 
twenty-four tests which followed. A 
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TABLE € 

TsbiUsfion $frtstiks 0 / btmng Us$t 9n 21 adult malt exkrtacbes, B. trimtalis 
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new point of technique in experimental 
projects in hearing is brought out in this 
case; it is, as I said before, to catch them 
unaware during their sleep, and get reac* 
tions before they have time to consider 
how they should behave. The results 
of the work on all xi males are presented 
in Table 6. 

In this table we find the work on 
twenty-one males was carried on between 
September x6 and June i, at temperatures 
that varied from 58 to 84® F. They 
responded to the loud bang in 107 out of 
405 tests, or 51 per cent. In fifteen tests 
of 1000 vibrations given to two males, 
only one responded, and it did so in four 
out of ten tests. In the last four columns 
we have the details of male roach reac- 
tion to 6000 vibrations per second; in 540 
tests we got only 31, or 5.9 per cent, posi- 
tive responses. This result is so low that 
one is at first tempted to discard it entirely 
and conclude that male roaches do not 
hear vibrations of this intensity. When 
one examines the reactions of individual 
roaches, however, one must conclude 
that the males hear these vibrations but 
are masters at inhibiting any outward 
show of their having received these sound- 
waveis. This conclusion is reinforced 
by what I have recorded for their be- 
havior when 6000 vibrations were given 
to them when asleep and will also be 
further strengthened (for other sounds) 
in what I have to say under the heading of 
Series C. Referring again to individual 
reactions with this number of vibrations 
(last column) it is well to note that we 
got from one male three positive reactions 
out of twenty-five tests, in another, six 
out of seventy-five, in yet another, two 
out of thrity, and finally in two instances, 
one each out of twenty and twenty-five 
tests. The crowning glory, however, 
is male 24, who reacted to both 1000 and 
6000 vibrations; in the former tests he 
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gave four positive reactions out of 10, 
and in the latter, 19 out of 65. 

This demonstrates quite clearly that at 
least one male reacted sufficiently well to 
prove that 6000 vibrations are heard. 
But why should one male give such good 
results in contrast to the negative or very 
poor positive results of the others? The 
reason is not difficult to find. The length 
of life of adults in this species is short, 
but that of the male is considerably shorter 
than that of the female. By the middle 
of September the males have practically all 
died off, and only rarely is one to be found. 
One such male had outlived his “three- 
score and ten*’, and was used in the experi- 
ments from October i to 5, and was 
known as No. 14. This male was there- 
fore very, very old, and died two days after 
the conclusion of the experiments. He 
was, in fact, the solve survivor of his sex 
for the season. It seems incredible at first 
that one so old should still possess such an 
acute power of hearing. But the indica- 
tions are that this male No. 14 responded 
so readily to sound waves because of and 
not in spite of its old age. Additional 
work on this problem will perhaps show 
that young males are much more successful 
in inhibiting reaction to sound than old 
ones are. Males in the state of old age 
and senescence, it seems, are unable to 
inhibit their reactions so successfully as do 
the younger males. 

Additional observations on Blatta orientalis 

An accidental observation led Dr. C. H. 
Turner (1913) to suspect that the oriental 
roach may be able to perceive sound, for 
he says, “One day when some tinners were 
fixing the guttering of a near-by house, 
the roaches were quite responsive to cer- 
tain noises made by the tin.” On the 
night of May 31, 1938, some excavating 
was being done about a half-mile from my 
home. I was watching a large glass cage 
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of roaches when a blast of dynamite was 
discharged; this noise caused a panic 
among almost all of the eighteen roaches, 
practically all of them scampering for 
cover. A similar reaction was witnessed 
a few weeks later when a peal of thunder 
sent most of the inmates of the cage 
quickly to shelter. 

Experiments: Series C 

Blatta orimtaliSy Periplaneta ameticana^ and 
Paracoblatta fensylvanica 

Banging of doors, beating of tubs, peals 
of thunder, notes from a violin and ham- 
mering of tin gutters all bring forth a 
definite response from roaches, showing 
beyond the shadow of a doubt that they 
perceive soundwaves through the air. 
Since they apparently give forth no sound 
for the purpose of attracting mates, it is 
quite evident that this sound perception 
is for the purpose of hearing approaching 
enemies and fleeing from them. That 
being the case, why do we not get one 
hundred per cent positive reaction in all 
of the experiments? The only logical 
answer to this question is that roaches do 
hear sounds but inhibit outward responses. 
We know this to be so, because in those 
instances when we came upon them un- 
awares during time of sleep, we got 
favorable reactions even under the most 
difficult tests, i.e., with sounds of 6000 
vibrations. 

Nature has apparently endowed the 
roach with the ability to hear dangerous 
sounds, so that it can escape to safety. 
She has also endowed them with mental 
machinery which causes them to remain 
stark still and inhibit any movement in 
the face of danger. This is seemingly a 
paradox. Evidently there is an Ethiopian 
in the woodpile somewhere, and I think 
I have ferreted him out. All of the ex- 
perimental work with roaches was done 
in broad daylight, or, when it was done 


at night, it was carried on with the aid 
of a 50-watt electric bulb glowing directly 
over the expermental platform. Day- 
light or artificial light was necessary in 
order to observe the slightest movement 
of each roach. But one must not forget 
that roaches are insects of nocturnal 
habits and in all of the work they were 
subjected to experiments at hours that 
were unusual and unnatural to their 
normal period of activity. Perhaps the 
inhibition of response was due to this 
unusual condition. Some such protective 
adjustment is what would be expected 
from a nocturnal insect during the day- 
light hours when they normally should 
be within their dark crevices. It would 
be suicide for them to rush from their 
places of safety during daylight hours at 
the sound of danger, but in the darkness of 
night, when they fare forth on food- 
hunting expeditions, a sharp sound should 
cause them to retreat quickly to the 
crevices they had left. If sound experi- 
ments could be carried on in darkness, 
would the roaches likewise inhibit move- 
ment? Darkness is not conducive to good 
observation; but a method was worked 
out whereby the roaches could be tested 
in almost complete darkness. 

Blatta orientalis 

To this end, I set up the following de- 
vice. Into a large, heavy plateglass 
aquarium (31 x 16 x ii inches), I placed 
at one end several clay flower-pots, to 
provide hiding places for the roaches; 
at the opposite end I placed a low plat- 
form containing food. During the day- 
time the roaches hid themselves among 
the pots, but during the dark and quiet 
night they made their way to the oppo- 
site end for food. 

After permitting them to become ac- 
customed to their surroundings for about 
two weeks, I tested them on three sue- 
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cessive nights to see if the flashlight, 
dimmed by a covering of two layers of 
thin cloth, would cause them to run to 
their hiding places. I had previously 
learned that by switching the electric 
light on at night, I could get them to 
abandon food and courtship and run for 
cover. Now I wished to discover if 
rays from a dim flashlight, shedding 
just enough light for me to see what was 
going on, would be suflicicntly low not 
to alarm them. I found, to my complete 
satisfaction, that they were not influenced 
by this very dim light, and that I could 
creep up to the cage and let the dim rays 
fall upon its floor without disturbing the 
many insects there occupied with court- 
ship, eating or resting. 

After becoming satisfied that there was 
no reaction to dim light, I began my 
“thumb-nail** experiments. This was 
carried on by snapping the thumb-nail 
against the wall of the glass container, 
thereby creating a sharp sound. This 
caused a very definite reaction from all 
the roaches. Whatever their position or 
condition at the time, they turned about 
and made for the direction of their hiding 
places. After a few seconds I repeated 
the snap with the nail against the glass, 
and this caused another forward move- 
ment with most of the population rush- 
ing for cover; by the time I had completed 
the third snap, all of the roaches had com- 
pletely disappeared. It is interesting to 
note that the sound of my finger nail 
against the glass did not cause the roaches 
to move about in panicky manner, but 
they appeared to remember their hiding 
places, headed stright for them, and finally 
with the last snap (all three of which had 
consumed less than a minute) all had 
reached their crevices. 

On June 2, and the six following even- 
ings, these tests were repeated at about 
9:30 p.m., and on three of the evenings an 


additional experiment was done at z a.m. 
There were always from fifteen to twenty 
adults on the floor, and in all nine of the 
trials of the three thumb-nail tests each 
given at short intervals, the entire pop- 
ulation was driven completely to cover 
at the opposite end of the cage. 

Their reactions in darkness differed from 
those of daylight in that all were in per- 
fect accord in their movements coward 
their shelter when the sounds were made 
against the glass. Here were experi- 
ments on insects at a normal time of 
activity in their natural habitat. They 
had been in this box for several weeks, 
and they remembered the geographical 
position of each crevice; the work was 
carried on under conditions of darkness 
that were in accord with their normal 
activities. They heard sharp sounds in 
the dark when they were away from their 
crevices and acted voluntarily — or, one 
may say, instinctively — and beat a hasty 
retreat to a haven they knew. During 
the daylight hours, even though possessed 
with the instinct to run, indecision caused 
some to respond by movement and others 
by remaining quiet. This quick response 
is probably due not to darkness alone, 
but in part to the fact that the roaches 
were experimented upon in their own 
home, where every crevice and comer 
was familiar to them, and in times of 
danger they remembered their places of 
shelter and headed directly to them* 

Here again the ghost of ‘‘tactile per- 
ception" bobs up; at first sight it may seem 
that the snapping of the thumb-nail 
against the glass may have vibrated the 
container, ever so slightly, and the re- 
action noted in the roaches may be due to 
tactile perception rather than auditory. 
There are two things that militate against 
tactile perception in these tests. It is 
unlikely that the snapping of the finger- 
nail against the glass would have caused 
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the heavy contaiaer (it was made of iron, 
slate and plate-glass, had a plate-glass 
cover and weighed at least fifty pounds) 
to shake. Also, often before a test was 
begun, I shook the table slightly and 
found it aroused no response in the 
roaches. Since these shakings did not 
elicit tactile reaction, one may safely say 
that the response to the thumb snaps 
must have been due to auditory perception. 

There is still another test indicating 
auditory rather than tactile perception. 
1 had about fifty adult oriental roaches of 
both sexes in a large tin candy-can. By 
dim light at night I would often tap the 
can with a pencil at intervals. This 
noise created a scramble by the roaches for 
cover under pieces of paper. Now in this 
case vibrations in the tin might have 
carried tactile as well as auditory stimuli; 
but that was not all. I soon discovered 
that tapping the tin can with a pencil 
caused active responses in two colonies of 
roaches in glass fish-bowls on another 
table near by. This latter incident seems 
to be an unquestionable case of auditory 
perception, since the roaches in the glass 
bowls were quite beyond the reach of any 
vibrations other than sound. 

Further evidence that Oriental roaches 
respond to sound was obtained when the 
glass lid of one of the jars was lifted and 
accidently slipped from the fingers. The 
noise, as the lid hit the jar, caused the 
roaches within to run for cover. They, 
however, may have been influenced by the 
movement of the air within the jar or by 
the vibration of the vessel, rather than by 
the sound of the falling lid; the significant 
point is that roaches in neighboring jars, 
some little distance away, also reacted in 
the same way. To make sure that noth- 
ing but sound influenced these reactions, 
the experiments were repeated several 
times after the jars had been well uphols- 
tered with wads of cotton. The results 


were always the same; some of the in- 
mates of the neighboring jars always 
moved with alarm. Finally, to eliminate 
all possibility of tactile influences, the 
neighboring jars were removed to a 
nearby table and the test repeated. The 
results were the same as before. These 
experiments were carried on during day- 
light hours but in no case did all the 
roaches so react. Later, when the same 
tests were made at night with the aid of a 
dim flash-light, the reactions of roaches 
in neighboring jars were positive to the 
extent of loo per cent of their number. 
The experiments described for adult Ori- 
ental roaches were also tried on adults and 
large nymphs of the American roach with 
the same positive results. 

There is yet another by-product of these 
thumb-tapping experiments. The work 
was carried on for six successive nights, 
but toward the end it took louder taps, 
and more of them, to frighten the popu- 
lation to run for shelter. The roaches 
were learning that these sounds were not 
of life significance, and refused to respond 
as rapidly as they did early in the work. 
In the first few days, three taps and one 
minute of time was all that was necessary 
to bring the population to their places 
of shelter. The work was carried in- 
cidentally for several nights beyond the 
sixth; on the tenth and eleventh nights it 
required twelve to fourteen taps, consum- 
ing several minutes, to get them all into 
their crevices. 

Periplanefa americana 

The same thumb-tapping experiments 
were practiced a month later on American 
roach nymphs in the last instar. The 
results were almost identical with those 
for the same tests on the oriental roaches. 
Three snaps of the thumb at measured 
intervals of about a half-minute brought 
the flock to the crevices at the opposite 
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end of the box. It was with greater 
difficulty, however, that the tests were 
begun, because these roaches were more 
sensitive to the dim rays from the flash- 
light than were the oriental roaches. 
It required about six nights of practicing 
with a dim flashlight before they be- 
came conditioned to it and did not run. 


giving 61 positive responses out of 90 
tests (67.7 per cent), and that none of 
them responded to 6000 vibrations per 
second. 


A few wood-roaches were trapped in 
the barn and subjected to tests of tub- 


TABLE 7 

Rtsulfs of bearing tests made on three nymphs of Periplaneta americana 


1 

1 

3 

4 

s 

6 

7 

1 ^ 

9 

10 

IX 


NO. 
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TUB BANG 
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No. 
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Negsr 
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No. 
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No. 
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10 

9/16 

64 


lO 

6 

14 

1 

10 

10 

0 
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16 
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59 

I 

5 

0 

5 

— 

— 


— 
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7 

65 

2-3 

4 ^- 

5 

45 

45 

0 
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10 

90 

2-9 

61 

67-7% 

7 

55 

55 

0 



TABLE 8 


Results of hearing tests made on adult wood roaches^ Paracohlatta pensylvanica 
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9 


Total 
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8 

55 

11 

33 

60% 

9 

76 

36 

40 

51.6% 



After they had become indifferent to this, 
I inaugurated the tests, and was successful 
in getting them to respond to the sounds 
in the dim light. There were twenty 
large numphs in these experiments. 

Tests were made on three nymphs 
J, J and J grown, of the American roach. 

In Table 7 we see that all three nymphs 
responded to the banging of the tub. 


banging and also to vibrations of 6000 
cycles. 

Here (Table 8) we see adults of both 
sexes responding equally well to the two 
kinds of tests. In the tub-banging tests, 
33 out of 55 (or 60 per cent) responded 
positively, and in the 6000-cycle experi- 
ments, 40 in 76 tests (5X.6 per cent). 

The behavior of this species on the ex- 
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perimental platform differed decidedly 
from that of the oriental roach. The 
latter would give a quick jerk or run^ but 
Paracoblatta would always jerkily move 
toward the left. In this manner, with 
hardly any movement of the rear part of 
the body, with each alarm they would 
swing the fore-part of the body a little 
more to the left to the extent of about 
thirty degrees for each move; they would 
thus describe about one-third of a circle 
in four reactions. 

The behavior of Female 114 was of 
interest, for she always reacted a few 
seconds after the sound had ceased. 

SUMMARY AND DISCUSSION 

The observational and experimental 
data herewith presented definitely es- 
tablishes the fact that the oriental roach, 
Blatta orienfaliSy perceives and responds to 
such sounds as banging of doors, peals of 
thunder, blasts of dynamite and the beat- 
ing of metal tubs. Both sexes in the adult 
stage respond to all these sounds, while 
nymphs of unknown sex respond to some 
of them. The percentage of responses to 
the tub-banging experiments, for ex- 
ample, was 68.1 per cent for the nymphs, 
67 per cent for the adult females, and 
51.1 per cent for the adult males. 

Tests with the audio-oscillator brought 
forth very few responses; this does not 
imply, however, that they did not hear 
these sounds, but rather as the comments 
in earlier pages indicate, the sound was 
heard but response was withheld. This 
inhibition of movement was very probably 
due to the fact that the insects, naturally 
nocturnal in habit, were subjected to 
experiments during daylight hours or 
during the night with artificial lighting, 
and also while they were away from their 
natural haunts. With roaches under 
normal conditions in their own homes, 
in other tests by snapping the thumb- 


nail against the glass, we got 100 per cent 
response from adults of both sexes for the 
Oriental and also the American roach. 

In the wood-roach, Paracoblatta ptnsyl- 
vanica^ we find the insects responding to 
the banging experiments as well as the 
6000 vibrations; in the former they re- 
acted in 60 per cent of the tests, and in the 
latter, 51.6 per cent. The smaller nymphs 
of the American roach gave favorable 
responses to the tub-banging tests in 67.7 
per cent, but none at all to 6000 vibrations. 

CONCLUSIONS 

A survey of the literature on the subject 
of sound perception leaves one with the 
conviction that the great weight of evi- 
dence is in favor of sound perception or 
hearing in insects, and all this without 
bringing to the aid of the problem the 
proofs advanced on morphological 
grounds. Time, after all, seems to be the 
perfect judge, and the early experiments 
and results that have long been viewed 
with suspicion, now presented in the light 
of recent investigations, arc regarded in a 
different light. Where observers have 
obtained negative results, it may in some 
cases have been due to technique, as com- 
pare for instance the observations by 
Hopkins (Marlatt 1898) on cicadas with 
those of Fabrc. In other cases it is a 
question whether the sounds used were of 
a kind that meant anything biologically 
in the lives of the insects; in other cases, 
surroundings may have caused a differ- 
ence, as when ants were observed at home 
in their own nests or in places strange to 
them. 

Insects were in song long before man 
came upon earth, and “there is good 
palaeontological evidence that grass- 
hoppers not greatly different from present 
day forms fiddled away among the car- 
boniferous ferns and enlivened the dense 
atmosphere of preadamic times*’ (Riley, 
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1874); and Zeuner (1934) in tracing the 
evolution of fiddle and of ear in locusts 
and crickets from the upper Palaeozoic 
says in Tettigoniidae and Gryllidae, the 
ear in the tibia of the foreleg, is evidently 
older than the muscial apparatus. 

Insects use sound primarily with bio- 
logical meaning to call and charm mates, 
as in the crickets and katydids; to escape 


153 

danger, as in the roach; to compete with 
rivals for mates; to call members of the 
same colony as in social insects; and 
finally to express the pure joy of living. 
To give biological meaning to the pro- 
duction of sound, it is necessary for the 
insects to be able to hear sound, and I 
think the evidence herein submitted 
points to that conclusion. 
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CHROMAFFIN TISSUE AND PARAGANGLIA 

By W. henry HOLLINSHEAD 

Dipartmenf of Anatoff^, Duke University School of Medicine 


INTRODUCTION 

A LTHOUGH there is a volutui- 
nous literature on the subject 
of chromaffin tissue, and more 
JL JL especially on the adrenal me- 
dulla or its homolog in lower forms, a 
general consideration of the tissues fre- 
quently referred to as **paraganglia'* docs 
not seem to be available. Much of the 
early work on various aspects of this 
subject has been reviewed by Kohn (*oi). 
In quite recent years, however, interest 
has been revived by the discovery of 
additional cell groups resembling chromaf- 
fin tissue in certain respects, and by new 
anatomical and physiological findings on 
some of the bodies previously described 
as chromaffin. The term paraganglion, 
originally synonomous with chromaffin 
tissue, has been extended by many writers 
to include those cell groups of non- 
chromaffin nature which they believe to 
be homologous with the true chromaffin 
tissue. It is proposed, then, to consider 
especially in this article the extra-adrenal 
mammalian tissues which have at one 
time or another been classified as chromaf- 
fin (chromophil, phaeochrome) or as 
paraganglia. 

Among the tissues which have been 
thus classified are the abdominal chromaf- 
fin bodies, the coccygeal body, the carotid 
body, certain paraganglia in the region 
of the heart and great vessels, and the 
abdominal vagal paraganglia reported by 
Goormatigh (’36) in the mouse. In 
order to avoid too much confusion, it is 
proposed to discuss these structures in the 


order in which they have been listed 
above. 

THE ADRENAL MEDULLA AND THE 
ABDOMINAL CHROMAFFIN SYSTEM 

The now well-known reaction which 
the adrenal medulla gives with chromium 
salts, resulting in a rather characteristic 
yellow to brown coloration, apparently 
was first reported by Hcnlc (1865). In 
1890 Stilling observed, during the course 
of some experiments on the adrenal gland, 
that the coeliac plexus of the rabbit, cat, 
and dog contained small masses which 
were similar, both in their general histol- 
ogy and in their reaction to bichromate, 
to the cells of the adrenal medulla. Re- 
stating his results in 1899, he called these 
cell masses **the chromophil cells and 
bodies of the sympathetic.** 

Similar masses of like nature were sub- 
sequently reported to be present in the 
sympathetic chains and plexuses of many 
animals, including the human, so that in 
his classic paper of 1903 Kohn was able to 
cite more than a dozen papers concerned 
directly with the presence of extra-adrenal 
abdominal “chromaffin** tissue, as he 
preferred to call it. Because of the close 
connection between the chromaffin tissue 
and the sympathetic system, especially 
in their origin, Kohn proposed also the 
name paraganglion, a term which has 
been generally adopted, and also, as we 
shall see, probably much abused. To a 
particularly large mass of this tissue in the 
cat and rabbit, situated ventral to the 
aorta between the superior and inferior 
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mesenteric arterie89 Kohn gave the name 
chief abdominal paraganglion (das abdom- 
inali Hauptparaganglion). Vincent (*16) 
from whose paper Figure i was taken» 
confirmed the presence of this latter body 
in many animals, and showed that it wa^ 
essentially similar in histology to the 
adrenal medulla. Wislocki (*xx), by the 
use of an improved technique for produc- 
ing the chromaffin reaction, demonstrated 
its existence in several mammals in which 
Vincent had failed to find it. 

In the human newborn and fetus, simi- 
lar, but apparently always paired, masses 
were first demonstrated by Zuckerkandl 
(01) in the aortic plexus at about the 
level of the inferior mesenteric artery. 
Although he described them under the 
term Ntbtnorganc des Sympathicus^ and they 
are obviously the homolog, in a slightly 
different position, of the chief abdominal 
paraganglion, these bodies arc now usually 
referred to as the “organs of Zuckcr- 
kandl." The organs of Zuckerkandl are 
apparently reduced in size, or lacking, in 
the adult. The chief abdominal para- 
ganglion of Kohn is said to be absent also 
in the adult mouse, and usually in the 
adult rat. According to Goormatigh 
(’18), it is present in the newborn mouse, 
but subsequently breaks up into small 
masses which are distributed throughout 
the lower abdomen and pelvis. 

Chromaffin bodies of macroscopic or 
microscopic size, or both, seem to have 
been reported in all mammals in which a 
careful search for them has been made. 
These paraganglia may vary from a few 
cells, or even single cells, usually adjacent 
to or imbedded in sympathetic ganglia 
and plexuses, to masses as large as 7 cm. 
in length and up to 5 mm. in width. The 
relative amount of this tissue outside the 
adrenal, as compared to that contained 
within the gland, has been variously 
estimated, with no real agreement. Kahn 


(*ii) calculated that the mass of the chief 
abdominal paraganglion in the dog repre- 
sented only about one-fourth to one-tenth 
that of both adrenal medullae; Wiesel 
(*o6) went to the other extreme, in 
describing a paraganglion (not certainly 
identified since then) on the heart of the 
human, which, in itself, usually equalled 
or exceeded the combined mass of both 
adrenal medullae. Pearlman and Vincent 



Fio. I. Diagram or thb Chirr Abdominal Para- 
ganglion, AND Sbvbral Smallbr Chromarrin 
Mambs in thb Abdombn or an Addlt Dog 
A » aorta; Ad « adrenal; C » chief abdominal 
paraganglion; c » smaller c^omaffin bodies. (Re- 
pawn from Vincent, Fig. i, p. 506.) 

(’19) suggested merely that the total 
mass of extra-adrenal chromaffin tissue 
may exceed that contained in the adrenal 
glands. 

Som characteristics of chromaffin tissue 

The chromaffin reaction. The earliest in- 
dications of the identity of these cell 
masses with the chromsffiEn cells of the 
adrenal medulla were, as we have seen, 
in part the general microscopic similarity 
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between the arrangements of the two 
tissues, but in much larger part the fact 
that both gave a similar reaction when 
treated with bichromate. Indeed, this 
reaction has remained one of the chief 
criteria. However, the reaction of the 
adrenal cells with potassium bichromate 
is said to be a relatively simple one 
(Ogata and Ogata, *17), probably depend- 
ing upon the reduction of the bichromate 
to CrOs. It docs not seem improbable 
that substances other than the epinephrine 
or its precursor, found in the adrenal 
medullary cells or their homologs, might 
give a similar reaction. This possibility 
was early recognized by several writers, 
and led therefore to attempts to compare 
these tissues in other ways. 

Origin of chromaffin tissue. Since the 
development of the adrenal medulla and 
the ganglia of the solar plexus from a 
common source was already known at the 
time of discovery of the abdominal 
chromaffin tissue, attention was naturally 
directed toward the cmbryological origin 
of this latter tissue also. Thus Zuckcr- 
kandl (0^. cit,') included, in his descrip- 
tion of the organs that bear his name, a 
short account of their origin as he observed 
it in the fetus. He described two types of 
cells arising from a common mass along 
the aorta; a small, dark-staining type 
which differentiated into nerve cells of 
the sympathetic ganglia, and a larger, 
pale-staining type which gave rise to the 
adrenal medulla and the Nebenorgane of 
the sympathetic. The Nebenorgane be- 
came disconnected from the adrenal me- 
dulla through the poorer development of 
their upper ends, only a few microscopic 
bodies persisting there. The lower ends 
enlarged, apparently up to term, to form 
the paired organs of Zuckerkandl. 

Similar observations were made by 
Kohn ('03) on the origin of the chi^ 
aortic paraganglion and of the smaller 


chromaffin bodies in mammals other than 
the human. Indeed, the very term para- 
ganglion implies a body of which the 
chirf component differentiates from cells 
which are at one stage indistinguishable 
from those which are to form ganglion 
cells. Judged by this criterion, the so- 
called abdominal chromaffin bodies seem 
to be truly homologous with the similar 
cells of the adrenal medulla. 

Effects of extracts. Following the dis- 
covery of Oliver and Schafer in 1893, 
extracts of the adrenal medulla produced 
rather typical effects upon the cardiac 
rhythm and blood pressure, an enormous 
literature has grown up about the subject 
of epinephrine and its physiological and 
pharmacological actions. It is not with- 
in the scope of this paper to summarize 
the findings and controversies in this 
field; the interested reader will find some 
discussion of this subject in reviews by 
Hoskins (*11) and Stewart (*14), and in 
numerous papers by Cannon and his co- 
workers. Regardless of these contro- 
versies, it seems to be well established 
that epinephrine, when injected in suit- 
able doses into an intact animal, produces 
a fairly characteristic rise in blood pres- 
sure. Taking advantage of this basic 
finding, Bicdl and Wiesel (*oz) prepared 
extracts of the organs of Zuckerkandl 
from human fetuses and new-born, and 
showed that they produced effects quite 
similar to those of adrenal medullary 
extracts. The extracts on the whole 
were somewhat less powerful than those 
of the adrenal medulla, but resembled 
them qualitatively in every respect in 
which they were compared. As control 
extracts, prepared from retroperitoneal 
tissue in the neighborhood of the organs 
of Zuckerkandl, gave no such effects, 
Bicdl and Wiesel felt no hesitancy in 
declaring that the adrenal medulla and 
the organs of Zuckerkandl were similar 
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eodocrine organs, producing within their 
cells a similar chemical substance (adrenin, 
adrenaline, epinephrine). 

The action of extracts of the abdominal 
chromaffin tissue (primarily of the chief 
abdominal paraganglion of Kohn) of 
mammals other than the human has been 
investigated by various workers (Vincent, 
'lo; Kahn, ’12.; Fulk and Macleod, *16). 
They have reported results in agreement 
with the findings of Biedl and Wiesel on 
the organs of Zuckerkandl in the human. 
Vincent and Kahn both obtained typical 
efiects upon blood pressure by injection 
of their extracts; Kahn used other physio- 
logical tests also (production of pupillary 
dilation in the frog, glycosuria in the 
rabbit), and, comparing the potency of 
extracts of adrenal medulla with those of 
the chief abdominal paraganglion, con- 
cluded that the latter contained from one- 
third to one-fourth as much epinephrine 
as did a similar weight of medulla. Fulk 
and Macleod, applying the most precise 
physiological tests known to them, found 
that their extracts (including also those 
from human material) gave effects quali- 
tatively identical with those produced 
by epinephrine. 

It must be admitted that this method 
of investigation of chromaffin tissue, the 
preparation of extracts and the determina- 
tion of their pharmacological properties, 
is subject to various limitations. The 
small siae of many of the groups of sus- 
pected chromaffin cells constitutes a major 
difficulty. It is obviously almost, if not 
quite, impossible to prepare extracts of 
tissue which can be located only in micro- 
scopic sections, and then frequently only 
after treatment with bichromate. For 
this reason, the tacitly accepted belief 
that the smaller chromaffin bodies also 
elaborate epinephrine is based upon their 
apparent homology with the larger groups 
of cells, rather than upon the experimental 


demonstration of this secretion. Some 
physiological evidence for this secretion, 
however, is found in the fact that tumors 
which apparently arise from this tissue 
may produce an elevation of blood pressure 
quite similar to that produced by tumors 
of the adrenal medulla (Howard and 
Barker, ’37). 

Nerve supply. In addition to these 
methods of investigation, there is one 
further criterion which may be applied 
to tissue suspected of being true chromaffin 
tissue. This is its innervation. Dreyer 
(1899) apparently first demonstrated that 
stimulation of the nerves to the adrenal 
gland leads to an augmented output of 
epinephrine from the adrenal medulla into 
the blood stream. Thus it was shown 
that the cells of the adrenal medulla are 
at least partially under the control of the 
sympathetic nervous system — that is, are 
supplied by motor (secretory) nerves. 
Elliott (’13) suggested, upon the basis of 
degeneration experiments which he car- 
ried out on these nerves, that this was 
largely a preganglionic innervation, the 
preganglionic fibers ending among or upon 
the medullary cells. Although this idea 
has been challenged by the casual observa- 
tions of several workers (e.g. de Castro, 
’x8, p. 370) Hoshi (’17) produced evidence 
in its support, and the recent experiments 
of Hollinshead (’36) and Swinyard (*37) 
seem to have established it upon a firm 
observational basis. This finding is also 
supported by the physiological experi- 
ments of Feldberg, Minz and Tsudzimura 
(’34) who showed that acetyl choline 
was released in the adrenal medulla 
following splanchnic nerve stimulation 
(acetyl choline is believed to be typically 
produced in the sympathetic system at 
preganglionic, but not at postganglionic, 
nerve endings). 

While it perhaps cannot be maintained 
that no postganglionic nerve fibers end 
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upon medullaiy cells, the preponderance 
of preganglionic fibers is so overwhelming 
that there can be little doubt that this is 
the characteristic type of innervation of 
the adrenal medulla. It seems to follow 
from this that tissue which is otherwise 
identical with the adrenal medulla should 
have the same type of innervation. This 
has been shown to hold true both for the 
chief abdominal paraganglion of the cat 
and dog, and for at least some of the 
smaller masses more closely associated 
with the sympathetic chain (Hollin- 
shead, ’37). 

This type of innervation, a direct one 
through preganglionic fibers, has been 
shown for no other type of tissue (unless 
the hypothalamico-hypophyscal tracts to 
the posterior lobe can also be regarded 
as preganglionic). Therefore, determina- 
tion of the innervation of a tissue suspected 
of being chromaffin may throw consider- 
able light upon its true nature. Well- 
chosen degeneration experiments are not 
so easily subject to misinterpretation as 
is the chromaffin reaction itself, and are 
more easily applicable to small masses 
of tissue than are experiments involving 
extraction methods. 

To summarize the evidence for the true 
chromaffin nature of the so-called abdom- 
inal chromaffin bodies, we have, first, the 
appearance of an apparently true chromaf- 
fin reaction when treated with bichromate. 
The identity of this reaction with that 
given by the adrenal medulla apparently 
has never been challenged. Second, the 
embryology of these tissues is usually 
conceded to be similar to that of the 
adrenal medulla, though it must be 
confessed that proof of this, especially in 
the absence of experimental evidence, is 
difficult. Third, there is strong evidence 
that the chief abdominal paraganglion 
and the organs of Zuckerkandl contain a 
substance physiologically identical with 


epinephrine. Fourth, the innervation of 
the cUef abdominal paraganglion and of at 
least some of the smaller masses of chro- 
mafEm tissue is similar to that of the 
adrenal medulla, and is difiFerent from that 
of all other types of tissue, so far as 
known. 

Function of the abdominal chromaffin tissue 

This question is inextricably bound up 
with the question of the function of the 
adrenal medulla. In the early days of 
investigation on the adrenal, when there 
was considerable question as to whether 
the medulla was necessary to life, death 
following adrenalectomy often was 
blamed upon removal of this part of the 
gland. It has been held that chromaffin 
tissue (the adrenal medulla usually being 
thought of) played a vital part in the 
maintenance of normal blood pressure, 
sugar metabolism, etc. Experiments such 
as those of Wislocki and Crowe ('14) in 
which animals remained healthy after 
destruction of the medulla of both adrenals 
and removal of the chief abdominal para- 
ganglion, have indicated, however, that 
chromaffin tissue is not necessary to life. 
That it may play an important, but not a 
vital, r 61 e in the reactions of the animal 
has been shown by the experiments of 
Cannon and his co-workers (e.g. Cannon 
and de la Paz, '11; Cannon, *19). Accord- 
ing to their concept, the release of epi- 
nephrine under conditions of excitement 
in the animal leads to a better preparation 
(increase in heart rate and blood pressure, 
mobilization of sugar, etc.) toward meet- 
ing the emergency which threatens. Un- 
der this interpretation, chromaffin tissue 
is thus thought of as playing a supporting 
r 61 e to the sympathetic nervous system, 
which, according to Cannon, is essentially 
an emergency mechanism. 

To what extent these findings may be 
applied to the extra-adrenal chromafiin 
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tissue is not fully known. Since, how- 
ever, this tissue receives an abundant 
innervation (Pines, *14; Hollinshead, ’37), 
and since it and the venous blood leaving 
it (Kahn, op. cit.') have been shown to 
contain an active physiological principle, 
there can be little doubt that it also par- 
ticipates in the emergency reaction. It 
must be recalled, however, that the extra- 
adrenal chromaffin tissue is relatively 
best developed in newborn and young 
animals, and may undergo considerable 
apparent regression with age. According 
to Goormatigh’s (*i8) investigations on 
the mouse, the apparent regression in this 
animal is due largely to the breaking up 
and subsequent migration of parts of the 
larger chromaffin masses. Kohn (*03) 
and Palme (*34) regard regression of 
chromaffin tissue, beginning soon after 
birth, as being peculiar to the human. 
In this latter species, according to Zucker- 
kandl Q)p. cif.'), there typically occurs 
considerable hyaline degeneration. It 
seems necessary to conclude, therefore, 
that the contribution of the extra-adrenal 
chromaflBn tissue toward the total emer- 
gency reaction may vary much in diflferent 
animals, or perhaps even in the same ani- 
mal at different ages. 

It might perhaps be recalled that there 
is considerable evidence (see, for example. 
Dale *38) that epinephrine or a physio- 
logically identical substance is the usual 
transmitter of the nerve impulse between 
postganglionic sympathetic fibers and the 
end organs. The adrenal medulla and the 
abdominal chromaffin tissue thus stand 
in the same relation to preganglionic 
fibers as do the postganglionic neurons of 
the sympathetic system, and exert their 
effect upon the end organs through a 
similar or identical substance. Upon 
tjiiis basis alone, it would be hard to 
conceive of the function of chromafihi 
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tissue in terms other than as an adjunct 
to the sympathetic. 

THB COCCYOBAL BODY 

This peculiar structure, located on the 
middle sacral artery or its branches, has 
occasionally been referred to as a chromaf- 
fin body. The observations of Stoerk 
(*07), and of von Schumacher (*o8), have 
indicated that its constituent cells do not 
give the chromaffin reaction, and that 
it is not developed in relation to sympa- 
thetic ganglia. According to both these 
authors, the epithelioid cells in this body 
are probably hypertrophied elements of 
the media of the vessels. While there is 
apparently no direct physiological evi- 
dence concerning the function of this 
structure, there is nothing to indicate 
that it should be classed as a paraganglion 
or as chromaffin tissue. On the basis of 
its structure von Schumacher has inter- 
preted it as an arterio-venous anastomosis 
between the middle sacral artery and 
vein. 

THB CAROTID BODY 

Stilling (^op. cit.') included this organ 
among his "chromophil** bodies. Pre- 
vious to that time it had been variously 
described as a misplaced ganglion of the 
sympathetic (intercarotid ganglion), as a 
glandular structure (intercarotid gland) 
and as a glomus. Kohn (’00) investi- 
gated both the morphology and embryol- 
ogy of this structure, and concluded that 
it arose in common with the anlage of the 
sympathetic ganglia (and thus was a 
paraganglion) and that its cells showed 
the chromaffin reaction. Both these con- 
clusions have been challenged at various 
times, but it is to de Castro (’x6, *x8) that 
we owe the beginning of the development 
of our present conception of this organ. 

In a careful investigation of the mor- 
phology and the nerve supply of the 
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carotid body, or, as he preferred to call it, 
the carotid glomus, de Castro produced 
rather convincing evidence that its cells 
did not give a true chromaffin reaction. 
He showed that the so-called chromaffin 
reaction here was probably not due to the 
presence of epinephrine, as denervation 
of the body produced no increase in the 
intensity of the reaction, and insulin 
shock produced no decrease in its inten- . 
sity. He was unable to obtain the reac- 
tion with ferric chloride which also 
denotes the presence of epinephrine (Vul- 
pian, 1856). He concluded that the 
apparent chromaffin reaction, which he 
described as differing somewhat from 
the true chromaffin reaction in appear- 
ance, was due to the richness of lipoids 
in some of the cells. De Castro's evidence 
has raised considerable doubt as to the 
specificity of the chromaffin reaction, and 
made the interpretation of an apparent 
reaction more uncertain. According to 
certain authors (e.g. Smith, ’24; Boyd, 
*37) there are, however, some true chro- 
maffin cells in the carotid body of ungu- 
lates, though the cells of this body as a 
whole do not show the reaction. 

De Castro further showed that the 
carotid body receives primarily a sensory 
innervation through the glossopharyngeal 
nerve — an innervation which is hardly 
compatible with a belief in the chromaffin 
nature of this tissue. He suggested that, 
in view of the close relation between this 
body and the pressoreceptor area of the 
carotid artery (carotid sinus), the carotid 
body might have a somewhat similar 
function, but be concerned with the recep- 
tion of chemical, rather than mechanical, 
stimuli from the blood stream. 

Function of the carotid body 

This conception of de Castro's has 
apparently been fully confirmed by recent 
physiological work. To summarize the 


evidence briefly, Heymans, Bouckaert 
and Dautreband ('30) and Schmidt (’31) 
have shown that the region of the carotid 
bifurcation, in addition to the already 
demonstrated sensitivity to pressure, is 
also sensitive to chemical stimuli, and that 
such stimuli may initiate important vascu- 
lar and respiratory reflexes. This sensi- 
tivity of the carotid sinus region to 
anoxemia and other respiratory stimulants 
apparently accounts in part for the respira- 
tory reflexes previously explained as due 
to direct chemical stimulation of the 
respiratory center. That the endings in 
the carotid sinus itself are not responsible 
for the chemical sensitivity is shown by 
the work of Bronk and Stella ('35) and 
Bogue and Stella ('35) in which, by re- 
cording the action currents in the nerve 
of Hering, they showed that the endings 
in the carotid sinus responded only to 
pressure changes, while the response to 
anoxemia and asphyxia persisted after 
denervation of the carotid sinus. Finally, 
Heymans and Bouckaert (*33) and Schmidt 
(j)f, cit,') have found that the response to 
chemical stimuli in the carotid region was 
abolished when the carotid body was 
experimentally excluded from the circula- 
tion, although the carotid sinus was still 
functional. 

Effects of extracts. It is obvious that no 
discussion of the function of the carotid 
body can be adequate unless such findings 
as those just mentioned are taken into 
consideration. This has been clearly rec- 
ognized by Boyd (of, cit,^ and by Nonidez 
C35b, ’36a), who have accepted the caro- 
tid body as a primarily sensory structure. 
In some of the earlier literature, however, 
(for instance, the papers of Watzka, '30; 
Pcnitschka, '31; and Seto, '35) the func- 
tion of the carotid body is discussed 
primarily from the standpoint of its sup- 
posed elaboration of a vasodepressor 
principle. While the Iburce of this 
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theory of the secretory function of the 
carotid body is usually not given, it 
probably traces back to the work of 
Frugoni (*13), who described depressor 
effects from an extract of the bovine 
carotid body. Mulon (’04) had pre- 
viously described pressor effects as follow- 
ing injection of an extract prepared from 
the carotid body of the horse. According 
to Christie (*33), Frugoni’s experiments 
are open to serious question, as the effects 
reported followed only massive doses, and 
the extract was probably by no means 
derived only from the carotid body. 
Christie himself, however, in an appar- 
ently carefully controlled research, has 
obtained vasodepressor effects from an 
extract of a tumor of the human carotid 
body. Unfortunately, Christie was ap- 
parently not aware that a sensory innerva- 
tion to this body had already been demon- 
strated, and has therefore failed to discuss 
his findings in the light of this knowledge. 
It is not yet clear what relation the pres- 
ence of a depressor substance (if further 
work shall confirm it) may have to the 
already known functions of this body. 
It is hard to believe that the secretion of 
this principle constitutes a separate and 
important function of the carotid body, 
as Christie thought at that time. It 
would seem more probable that such a 
substance, if present, should rather par- 
ticipate in some way in the apparently 
proven chcmoreceptor function of this 
organ. Further investigation of this sub- 
ject is highly desirable, as it nuy throw 
additional light on the mechanism in- 
volved in the reception of stimuli by this 
body. 

Origin of the carotid body 

The facts which we have considered 
point to a sensory rather than to a true 
glandular function for the carotid body, 
and indicate that there is probably noth- 


ing in common, other than general ar- 
rangement of cells, between this body and 
the chromaffin bodies. From the em- 
bryological side, however, the evidence 
is not quite so clear. It seems to be 
granted by practically all investigators 
that cells do migrate from the cervical 
sympathetic ganglia, the ganglia of the 
ninth and tenth nerves, or from all of 
these, to the region of the carotid body. 
Opinion is sharply divided, however, as 
to the part these cells play in the forma- 
tion of this structure. For instance, the 
origin of the carotid body has been at- 
tributed to sympathetic cells (Kohn, *00) 
or to the vagospinal ganglion (Benoit, 
’x8). On the other hand, both Smith 
and Boyd (j>f, cit.') among others, have 
interpreted the contribution from ganglia 
of any type as a secondary one. Boyd 
has described it as making its appearance 
in the human, as a mesenchymal con- 
densation about the internal carotid ar- 
tery, before there is any evidence of the 
migration of cells of nervous origin. This 
latter he has seen in later stages of de- 
velopment; some of the migratory cells, 
he believes, become the ganglionic cells 
frequently found in and about the carotid 
body; some probably degenerate, while 
others may persist as small isolated cells 
which never develop the chromaffin reac- 
tion. Boyd denies the presence of cells 
of nervous origin in the whorls of epi- 
thelioid cells which constitute the paren- 
chyma of the carotid body. Smith took 
an essentially similar view, but believed 
that the contribution from the ganglia in 
some species persists to form well-defined 
chrom^n tissue. She interpreted the 
carotid body as a complex of chromaffin 
and non-chromaffin portions, of which 
the latter is the essential portion of the 
gland, while the former varies much in 
different species. 

The preponderance of evidence seems 
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to be agjunsc the idea of any fdndamental 
relation between the carotid body and 
chromaffin tissue. While it is possible 
that true chromaffin tissue may exist in 
relation to this body in some species, it 
is evident that this plays no t 61 e in the 
function of the organ, for it is certainly 
absent in other species. From the func- 
tional standpoint, chromaffin tissue and 
the carotid body seem to be quite un- 
related. The embryological evidence of- 
fered for or against the homology of the 
two should be interpreted with caution, 
as the difficulty of following the fate of 
specific cells in the region of the branchial 
arches must be considerable. Experi- 
mental evidence such as Stone (*19) has 
offered for the origin of the branchial 
cartilages from neural crest in the am- 
phibia might go far toward settling this 
problem. 

THB CARDIO-AORTIC BODIES 

Under this heading may be grouped 
several epithelioid bodies, usually re- 
ferred to as paraganglia, which are found 
in the supracardial and lower cervical 
regions of mammals. (Bodies of similar 
structure have also been found in cor- 
responding positions in birds and reptiles 
— ^Nonidez, 35a; Muratori, ’37; Palme, 
op. n>.) The literature concerning them 
is for the most part recent and relatively 
scanty, and it is indeed uncertain how 
many such structures are usually present 
in any one species. The accompanying 
figure (Fig. 1) from Boyd ^op. cfr.) shows 
the location of certain of these bodies in a 
human embryo. 

Th$ supracardial bodies 

The first account of paraganglia in the 
region of the heart was apparently by 
Wiesel (*o6), who reported the presence 
of a large mass of what he regarded as 
chromaffin tissue on the heart near the 


origin of the left coronary artery. It 
was this mass which Wiesel described as 
equaling or exceeding in bulk the com- 
bined medullae of the two adrenals, and 
which, according to Palme (j>p. cit.') 
has not certainly been identified since that 
time. Palme quotes Busacchi (’11) as 
having first recognized the existence of 
two distinct groups of paraganglia in this 
region in the human. The upper one lies 
between the aortic arch and the pulmo- 
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Human Embryo, to Show the Positions or the 
So-Called Paraoanouonic Tissue Associ- 
ated WITH THE Ninth and Tenth 
Cranial Nerves 
(From Boyd, Fig. i, p. 17) 

nary artery, close to the ductus (ligamen- 
tum) Botalli, and was subsequently de- 
scribed by Penitschka (op. cit.') as the 
paraganglion supracardiale, and by Palme 
as the paraganglion supracardiale supe- 
rius. Busacchi, Penitschka, and Palme 
have reported that this is essentially non- 
chromaffin in staining reaction, although 
Palme states that some chromafiin cells 
arc apparently present in this body in 
early fetal stages. The second (lower) 
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body lies between the {wlmonary artery 
and the ascending aorta, close to the 
origin of the left coronary artery. Ac- 
cording to Palme, this may represent the 
body reported by Wiesel, though it is 
much smaller in siae. Busacchi appar- 
ently regarded this as chromafiin tissue. 
Palme, also, states that it is largely 
chromaffin in nature in the fetus, but that 
in the human adult it is much reduced in 
size and is represented only by small 
non-chromaffin groups of cells. These 
are apparently identical in structure with 
the paraganglion supracardiale superius. 
Palme has called this body the paragan- 
glion supracardiale inferius. Seto C^p. 

has described what is apparently the 
same structure in the adult human heart, 
and has reported that it is non-chromaffin 
in nature. 

The structure of these bodies in mam- 
mals other than the human has been in- 
vestigated especially by Palme C^p. fir.), 
and by Nonidez (’3 6a, ’37a). Their 
exact homology from one species to 
another is somewhat difficult to ascertain; 
however, Palme has found bodies in a 
corresponding position in the cat and rat, 
and has reported that the lower one is 
largely chromaffin in nature, the upper 
one, non-chromaffin. Nonidez C’ 3^0 
made no specific separation between the 
upper and lower paraganglionic masses 
in the cat, describing them rather as 
* ‘irregular masses of rounded epithelioid 
cells extending from the arch of the aorta 
to the base of the heart’* (p. 115); in a 
previous paper (Nonidez, ’35b; Fig. i) 
he has illustrated a similar condition for 
the rabbit. In the cat, certain of the cells 
after formol-bichromate fixation contained 
yellowish granules. Nonidez suggests 
the possibility that these may be similar 
to the cells described by de Castro in the 
carotid glomus of this animal. Nonidez 
(’37a) has stated that the position of the 
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two groups in the dog rather closely ap- 
proximates that in the human, but has 
reported no observations on these bodies 
after bichromate fixation. 

The aortic bodies 

In addition to these epithelioid groups 
below the arch of the aorta, Nonidez 
(* 3 Sb» ’37a) Muratori (*34, ’35) have 
also described similar bodies above the 
arch. For these Nonidez C35b) has sug- 
gested the term aortic glomi. They vary 
somewhat in position, but are usually 
more or less closely related to the origins 
of the left and right subclavian arteries, 
respectively. They apparently are repre- 
sented in Boyd's figure of the human em- 
bryo by the upper masses attached to the 
two vagus nerves. Tschemjachiwsky 
C38) also has reported their presence in 
the human embryo and infant. Accord- 
ing to Nonidez, who has made a very 
careful investigation of their structure and 
innervation in the rabbit, cat, guinea pig 
and dog, they are essentially non-chromaf- 
fin in nature, though in the cat certain 
cells contain fine yellow granules after 
treatment with bichromate. These are 
apparently identical with the similar cells 
in the supracardial paraganglia of this 
animal. 

Aside from the presence of chromaffin 
cells in the cardio-aortic paraganglia, all 
the investigators who have studied them 
agree that they are essentially alike in 
structure, and in turn closely resemble the 
carotid body. In the fetus and newborn 
they may be fairly compact structures 
located in general along the vagus nerves, 
and composed of cords or whorls of epi- 
thelioid cells which receive a very rich 
blood supply, usually by a direct branch 
from the aorta, pulmonary artery, or 
subclavian artery. In older individuals 
the balls of epithelioid cells originally 
forming one fairly distinct mass may be 
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separated from each other by considerable 
fat and connective tissue. Small groups 
of these cells may also be embedded en- 
tirely in a nerve trunk (Palme) or in the 
wall of the aorta or pulmonary artery 
(Nonidez, Palme). 

Nerve supply 

Beginning with the work of Penitschka, 
the writers who have discussed these 
structures have all pointed out the close 
relation of these bodies to the vagus 
nerves, though their actual innervation 
has been investigated in only a few cases. 
Palme described fine nerve fibers pene- 
trating the cell groups of the supracardial 
paraganglia, but left the question of their 
intimate relation to the cells unsettled. 
Seto (0^. cit.') on human material (prob- 
ably the inferior supracardial paragan- 
glion) described fine fibers, of apparent 
vagus origin, as ending among the 
parenchymal cells in a * ‘nervous terminal 
reticulum"; these he regarded as motor 
fibers. Nonidez, in his very careful series 
of studies on the innervation of the bodies 
above and below the aortic arch in several 
animals, has also described the fibers as 
definitely of vagus origin. According 
to his findings, however, they end freely 
among the cells, often with small loops 
or terminal swellings. Tschemjachiwsky 
Cop. cit.') has reported similar findings in 
the human. Nonidez has not found a 
nervous terminal reticulum in his own 
preparations, prepared by a di£fcrent tech- 
nique than that used by Seto, nor ap- 
parently has Muratori (’37) found such a 
structure. Nonidez has recently presented 
evidence in another series of papers C36b, 
’37b)» based upon comparison of tissues 
stained for reticular tissue and for nerve 
fibers, that the so-called nervous terminal 
reticulum is probably composed in reality 
of fine argyrophil connective tissue fibers. 
This criticism is of some importance in 


the present instance, as it is apparently 
largely upon the presence of this terminal 
reticulum that Seto bases his belief that 
the fibers among the parenchymal cells 
are motor. Nonidez has interpreted the 
fibers as sensory, as they are derived, 
according to his findings, largely from 
medium-sized or large fibers. Recent 
degeneration experiments (Hollinshead, 
*39) have indicated that the nerve fibers 
in the aortic glomi of the cat arise from 
cells situated in the ganglion nodosum of 
the vagus, thus supporting Nonidez’ 
interpretation of their sensory character. 
Degeneration experiments upon the nerve 
supply to the bodies below the arch of the 
aorta have apparently not yet been car- 
ried out; it would be rather surprising, 
however, in view of the apparently iden- 
tical nature of these bodies with the aortic 
glomi, if they should prove to have a 
different type of innervation. 

Function of the cardio-aortic bodies 

Penitschka, Palme, Muratori, Seto and 
Nonidez have all pointed out that these 
bodies are especially related to the presso- 
receptor zones on the great vessels near 
the heart, just as the carotid body is re- 
lated to the pressoreceptor area of the 
carotid artery. The last three workers 
have also described nerve endings of the 
pressoreceptor type in the vessels to or in 
the cardio-aortic bodies, as has also 
Tschemjachiwsky. In so far as these 
arc concerned it seems probable, therefore, 
that these bodies (or more properly speak- 
ing, their vessels) may function as acces- 
sory vasodepressor areas. However, this 
does not explain the function of the 
parenchyma of these bodies, nor the mean- 
ing of the nerve endings among the 
parenchymal cells. Concerning these 
matters there have been several tentative 
opinions ventured. Penitschka suggested 
merely that these bodies were similar in 
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function to the carotid body, and prob- 
ably secreted a vasodepressor substance. 
Palme was unwilling to grant that they 
are endocrine glands in the usual sense of 
discharging a secretion into the vascular 
system; instead he suggested that **die 
paraganglion^en Zellen Wirkstoffe an 
die umgebend Nervenfasern abgeben diirf- 
ten, die den Zustand, vielleicht die Er- 
regungsf^igkeit der bctrefFenden Nerven 
drtlich beeinflussen konnten** (p. 419). 
Seto interpreted the body which he in- 
vestigated as an endocrine organ, liberat- 
ing a vasodepressor substance into the 
blood stream, and representing an Erfolgs- 
organ for the aortic reflex. Muratori 
(’37) states merely that these structures 
probably have something to do with the 
regulation of blood pressure. Nonidez, 
reviewing their similarity to the carotid 
body (emphasized by all these investiga- 
tors), and also the recent literature ap- 
parently demonstrating a chemoreceptor 
function for the carotid body, very logi- 
cally suggested that the cardio-aortic 
bodies are also chemoreceptors. This 
view has also been accepted by Boyd and 
Tschernjachiwsky. For the present the 
matter rests here, as there seem to be as 
yet no physiological experiments bearing 
directly on this question. Boyd (of, cit,^ 
p. Z9) has called attention to the fact that 
the residual sensitivity to anoxemia re- 
maining after section of the nerve of 
Bering, but disappearing after section of 
the vagi, may be explained by this sup- 
posed function of the cardio-aortic bodies. 

Chromaffin tissue in the cardiac region 

If we turn now to the presence of 
chromaffin tissue in the cardiac region, 
we find relatively little information con- 
cerning it. There seems to be no reason 
why such tissue should not be present in 
this region, in connection with 83rmpa- 
thetic plexuses; according to the reports 


of Palme bn the human, and of both Palme 
and Pannier ('35) on the cat, there are 
collections of true chromaffin cells here. 
It may be recalled that Palme described 
the paraganglion supracardiale inferius 
as being composed in large part of chro- 
maffin tissue, though he distinguished a 
non-chromaffin portion from this. The 
fact that the two tissues may perhaps 
occur in close apposition to each other 
should not be interpreted to mean that 
there is either a functional or close genetic 
connection between the two. The term 
cardio-aortic bodies, as here used, is 
limited to the non-chromaffin masses of 
epithelioid cells; the chromaffin masses, 
when present, presumably differ in no way 
from the similar masses in other locations. 

ARB THE CAROTID AND CARDIO-AORTIC 
BODIES PARAGANGLIA? 

The whole weight of evidence concern- 
ing the cardio-aortic bodies seems to be 
that they are non-chromaffin in nature, 
and that they are identical in structure 
with the carotid body. It seems reason- 
able to believe that the carotid body and 
the cardio-aortic bodies are homologous 
structures which are also similar in func- 
tion, and can therefore be fairly discussed 
as a group. The question then arises as 
to whether these structures can properly 
be termed paraganglia. In the minds of 
most of us, probably, this term implies 
an endocrine organ composed of chromaf- 
fin tissue, as that was the original use of 
the word. Recently however, in the ar- 
ticles from Kohn's laboratory on the 
supracardial paraganglia (Penitschka, 
Palme, Seto, Watzka) a distinction has 
been made between chromaffin and non- 
chromaffin paraganglia. The former are 
distinguished by the chromaffin reaction, 
the presence in their cells of a vasopressor 
substance (epinephrine), and their in- 
nervation through the s)rmpathetic; a 
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iorther criterion, applicable only to the 
human, is that this type undergoes a 
rapid regression which begins soon after 
birth. The second type (composed of 
the carotid and cardio-aortic bodies) is 
non-chromaffin, is believed by that school 
to contain (and secrete — ^Seto) a vaso- 
depressor substance, and to be innervated 
through cranial nerves alone, or through 
both cranial nerves and the sympathetic. 
The bodies of this type apparently persist 
in well-developed form t^oughout life. 
The two types arc frequently fairly 
separate, but there may (Palme) be 
considerable admixture of the two. Both 
types are believed by this school of 
thought to arise in common with the pe- 
ripheral ganglionic elements of the nervous 
system. It appears, therefore, that these 
two types of tissue are grouped together as 
paraganglia because of their supposed 
endocrine natures, their intimate relations 
to the peripheral nervous system, and their 
supposed origins from similar elements. 
On the other hand, they are separated by 
their reactions to bichromate, and by the 
differing effects of their extracts. 

If these supposed likenesses could be 
proven, there would certainly be excellent 
reasons for calling both types of tissue 
paraganglia. As we have seen, however, 
the best evidence is against the essentially 
endocrine nature of the non-chromaffin 
bodies. Corresponding with this ap- 
parently sharp difference in function, 
their relation to the peripheral nervous 
system, while perhaps superficially simi- 
lar, really differs markedly: the chromaffin 
bodies are related to motor fibers, the 
non-chromaffin apparently to sensory 
fibers. The only real linkage between the 
two groups seems therefore to be their 
supposed origin from the nervous system. 
This latter has also been questioned; 
even if it were proven, the advisability 
of imposing the same name upon two such 


different tissues, simply becatt$e they are 
homologous, might well be doubted. 
One cannot very well argue with Kohn 
concerning the usage of the term which he 
devised; however, it would seem more 
reasonable to restrict the term paragan- 
glion to neurogenic endocrine organs 
which seem to be physiologically, as 
well as cmbryologically, the equivalent 
of autonomic postganglionic neurons. 
The only known example of this today is 
chromaffin tissue. For the non-chromaf- 
fin bodies, especially in the present state 
of our knowledge, terms such as aortic 
glomus and carotid glomus, which sug- 
gest merely the intimate association be- 
tween the blood stream and these bodies, 
or the still more neutral terms carotid 
body, aortic bodies, etc., seem to be 
preferable. 

THB ABDOMINAL VAOAL PARAGANGLIA 

These are small epithelioid bodies de- 
scribed by Goormatigh (*36) along the 
course of the vagus nerves in the abdomen 
of the mouse. According to him they are 
non-chromaffin in nature; he suggests 
that they may be a parasympathetic 
homolog of the (sympathetic) chromaffin 
tissue, and represent secretory organs for 
the liberation of some substance akin to 
acetyl choline. Goormatigh has not 
demonstrated an innervation to these 
bodies, although his theory demands that 
they be supplied with motor fibers from 
the vagus. Until such a demonstration 
has been made, or until other evidence as 
to the presence and function of these 
bodies has been obtained, it seems fruit- 
less to discuss these structures further. 
It might be added, however, that if 
Goormatigh's hypothesis concerning the 
nature of these bodies should prove to be 
true, they should certainly be termed 
paraganglia; we would then have two 
t)rpcs, sympathetic and parasympathetic 
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paraganglia, each corresponding in certain 
important physiological respects to the 
postganglionic neurons of the system of 
which they are a part. 

SUMMARY 

We have seen that the status of the so- 
called abdominal chromaffin tissue is 
rather clearly defined. It is generally 
accepted as being true chromaffin tissue, 
with the ability to secrete epinephrine. 
Although the concept of the nervous 
origin of the adrenal medulla has been 
bitterly contested by a few workers, it is 
on the whole generally conceded, and the 
argument seems equally strong for a simi- 
lar origin of the extra-adrenal chromaffin 


tissue. These two tissues seem to be 
similar both in origin and in function, 
and to correspond to the original meaning 
of the word paraganglion. On the other 
hand, the carotid and cardio-aortic bodies 
are non-chromaffin in nature, and appar- 
ently represent, as Nonidez (’37a, p. 311) 
says, “complex neurovascular structures 
intimately associated with the branchial 
arches of the embryo.** They arc pre- 
sumably sensory in function, probably 
representing receptors sensitive to chemi- 
cal changes in the blood, through which 
vascular and respiratory reflexes arc ini- 
tiated. Their neurogenic origin has not 
been proven, and the propriety of terming 
them paraganglia may well be questioned. 
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INTRODUCTION 

I N RECENT years studies on phe- 
nomena accompanying an applica- 
tion of high-frequency currents to 
biologic materials, such as bacteria, 
insect pests, etc. have been made. The 
term “a high-frequency-electrostatic- 
field” refers to the field between two 
electrodes of some form which is subject 
to a periodic charge and discharge by an 
oscillating electric circuit. 

Physics involved in the phenomenon 
arc extremely complex. Matter is con- 
sidered, in the light of modem physics, as 
made up of electricity or conversely, that 
electricity is the fundamental basis of 
matter. Any kind of matter, a book, a 
table, or a living body, is, in the final 
analyses, an assemblage of electrons and 
protons associated with a quantity of 
energy proportional to the mass of the 
body. Furthermore, every particle of 
matter in constant vibration has a definite 
frequency. Biologists arc always eager 
to test the effect of various physical 
factors on biologic material whenever 
that factor is subject to laboratory 
handling. Thus, much work has alreac^ 
been done on the action of various types 
of radiant energy such as gamma, X- and 
Roentgen rays (i, 13, 20, iz, 50, 55, 61, 
81, 167, i68, 169, 170, 171, 171, 181, izzs 
zzyX fadium emanation Oii, 112., 175, 


176, 179), ultra-violet rays, visible light 
spectrum and infra-red light (46, 50, 57) 
on living things. 

Studies of the so-called ultra-sonic 
waves, in relation to the effect of that 
type of radiation on living matter, have 
yielded very interesting results (15, 19, 19, 
30, 31, 47, 48, 65, 66, 67, 68, 69, 70, 71, 79, 
94, 117, 147, 154, 155, 166, 186, 198, 199, 
200, 208, 116, 228, 229, 230, 231, 232, 233). 
An application of this type of energy was 
recently made (85) to increase the yield of 
potato and pea crops. An average in- 
crease of 16.7 per cent in yield was ob- 
served on potato tubers sonized by 4 X 10* 
cycles per second. Pea seeds treated by 
ultra-sonic waves showed increased germi- 
nation, earlier blooming, and were notice- 
ably more vigorous than the controls. 
Although the peroxidase activity in- 
creased, the activity of catalase decreased 
as a result of applying ultra-sonic waves. 

Recently biologists have become inter- 
ested in the type of radiation used in radio 
transmission, commonly known as Hert- 
zian waves. This includes long, short, 
and ultra-short radio waves. The short 
and ultra-short radio waves are situated 
between the extreme infra-red and long 
radio waves in the electro-magnetic spec- 
trum. It is customary to classify radio 
waves as long when they range from 200 
meters or more, as short when they are 
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from lo meters to 200 and from 10 down 
as ultra-short. 

With the improvement of the short- 
wave-vacuum-tube-radio-oscillator for ob- 


The equipment now used by investi- 
gators is constructed on the principle of a 
short-wave radio transmitter in which the 
output of the oscillating tubes is conccn- 



Fio. I. Thb Hiob-Fuqubnct Gbnbrator and Power Supply 


Ci Exposure condenser, consisting of two aluminum 
plates 

Cl Variable condenser Ttransmitting tvpc) 

C3 Variable condenser (receiving type; 

C4 Fixed condenser 
C5 Fixed condenser 
C6 Filter condenser 
Ri Resistor 
Ri Variable resistor 


Mi Thermo-couple radio-frequency ammeter 

Ml Milliammeter dc 

Ti Power transformer 

Ti Filament transformer 

Tj Filament transformer 

CHi Smoothing choke 

SWi Filament and main line switch 

SWi High voltage power switch 

Vi Type 851 (RCA) 


taioing high-frcqucncy waves, it soon 
became possible to utilize high-frequency 
electrostatic fields in biological research 
(40, 113, 1x5, 157, i6x, 163, 180, xxi). 


trated between two aluminum or copper 
plates coupled to the oscillating circuit 
of an oscillating tube (Fig. z). 

In 1893, d'Arsonval (7, 8) observed a 
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rise in temperature and increased metabo- 
lism in small laboratory animals when 
they were exposed to high-frequency 
currents. Later he and his assistants 
(9, 10, ii) reported additional observa- 
tions on biologic changes induced in 
bacteria and toxins by a current oscillating 
at a rate of 800,000 c.p.s. 

Although d’Arsonvars discovery of the 
thermal effect of frequency currents led to 
the development of diathermy, he and his 
collaborators* observations on the be- 
havior of bacteria and the diphtheria 
toxin, when high-frequency currents are 
applied to them, were not followed up. 
Thus the idea of a possible use of this 
type of energy in medicine and biology at 
large lay dormant until 1924, when 
Gosset, Gutermann, Lakhovsky and 
Magrou (59) claimed to have destroyed 
crown gall tumors in geranium plants by 
the use of electro-magnetic waves of fre- 
quency 150,000,000 c.p.s. (1 meters). 
Unfortunately, the report docs not con- 
tain a description of the apparatus used, 
nor docs it mention whether or not there 
was any change in temperature in the 
treated tumors. Later workers failed to 
corroborate Gosset *s work (173, 109, 110). 
Soon a type of apparatus suitable for labo- 
ratory experimentation with living mate- 
rial became available. This led to 
numerous, important discoveries so that 
radio-frequency currents are now used in 
biological and chemical research, medi- 
cine, and to some extent in agriculture 
(31, 34, 40, 141, 146, 196). 

The purpose of this paper is to review 
most of the literature pertaining to the 
effects of high-frequency oscillating fields. 

EFFECT OF OSaLLATINO ELECTROSTATIC 
FIELDS ON MEN AND ANIMALS 

Small laboratory animals and men ex- 
posed to high-frequency field were found 
to respond to it by rise of body tempera- 


ture. Thus, Schcrcschcwsky (187, 190) 
noticed that temperature of mice in- 
creased when they were placed between 
the plates (electrodes), particularly at 
certain frequencies. In his experiments 
he observed irregularity in the effects of 
different frequencies on lethality to mice. 
His work (190) on therapeutic effects of 
high-frequency currents on mouse sarcoma 
and Rous fowl sarcoma is very interest- 
ing. The optimum frequency in the case 
of these sarcomas was between 66 and 68 
megacycles per second. A frequency of 
135 mg.p.s. was found to be entirely 
ineffective. Dickens, et al, (38, 39) Ob- 
tained similar results with sarcoma. 
Baldwin and Nelson (14) observed pro- 
found histological changes in albino rats 
after exposure to high-frequency currents. 
Kahler, Chalkley and Voegtlin (97) killed 
Paramoecium caudatum with a short ex- 
posure in a high-frequency oscillating 
field and concluded that this was purely a 
thermal effect, since they could also be 
killed by hot-water treatment of like 
duration. Carpenter and Boak (14) were 
able to markedly arrest or inhibit develop- 
ment of experimental syphilis in rabbits. 
They used a wave-length of 30 meters and 
0.35 amperes in a secondary tank circuit. 

Artificial production of fever in man 
can easily be accomplished by means of 
ultra-short-wave currents and is employed 
as a therapeutic means, as shown by 
Carpenter, Boak and Page (15). Graham 
and Fabian (6l) studied the effect of high- 
frequency currents on many different 
animal species (cf. Table i). 

• EFFECT ON INSECTS 

The effect produced by high-frequency 
currents on insects is obviously of great 
economic importance. Studies on this 
subject conducted since 19x9 indicate that 
Hertzian waves can be and actually are 
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Utilized in eliminating such pests as bean the second case the temperature was cor- 
wecvils and flour moths. rcspondingly higher, and therefore, grubs 

Headlcc (73, 74, 73, 76, 77, 78) has died sooner. Hcadlce (73, 76) tested the 
studied the effect of high-frequency cur- effect of radiation, which had proved 
rents on insects since 1918. In his experi- lethal to insects, on plants by subjecting 
ments Headlee used a Hartley type of wheat seeds and wheat seedlings to an 
circuit (77), testing frequencies from electrostatic field oscillating 750,000 to 
750,000 to 14,000,000 c.p.s. Insects (in a 14,778,000 c.p.s. He found that wheat 
test tube) were placed between two seed germinated normally under 3,000,000 
aluminum plates of the exposure condenser c.p.s. for 80 minutes while seedlings were 
for time intervals. Insects were warm to uninjured up to a lo-minute exposure, 
the touch after they had been killed in an conditions being the same in both cases, 
electrostatic field. He concluded that McKinley (111) subjected parasitic 
death was caused by exposure to a lethal wasps, Habrobracon juglandis^ of different 

TABLE I 


The influence of displacement current of different frequencies on various species of animals 


NAME Of ANDCAL 

fXSQUSNCy 


xo ing.p.i. 

15 mg.pa. 

7.5 mg.p.i. 

Mus musculus 


il'of 

45'* 

Passer domesticus 

I'lO^ 

17 40 

W* 

Perea flavescens 


45'* ^ 

45'* 

Cambarus americanus 

3 '16^ 

iS'jo' 

45'* 

Thamnopbis sktalis 


15 '36^ 

45'* 

PAusca aomestica 

6^51^ 

45'* 

45'* 

Mtlanoplus femur-rubrum 




Aphid mellifica 

i'i9-' 

45 * 

45 * 

Sarnia cecropia 

killed instintly 

killed instantly 

killed instantly 

Anosia plexippus 

killed instantly 

killed instantly 

killed instantly 

Lumbricus terrestris 


i6'36^ 

45'* 

Kana virescens 


h'js' 

45 * 

Ambry stoma tiffinum 

31.5^ 

io'36.6^ 

, , 45'* 

Graptemys geopyaphia 

did not kill in i hour 

did not kill in i hour 

did not kill in 1 hour 


* Did not kill. 


temperature. He subjected grubs of the 
Japanese beetle to an oscillating current 
of 3,000,000 c.p.s., with voltage gradients 

between plates 4,000 and 5985 

^ ^ inch ^ ^ inch 

[Voltage gradient is determined by the 

formul. V (_) ^ (35). 

where I is in amperes, X in meters, and S 
in centimeters and is the area of the con- 
denser plates]. Grubs died in 90 to 180 
seconds with the first gradient and in 60 
to 110 seconds with the second gradient. 
Because of the higher voltage gradient in 


age, sex, and condition of feeding to a 
frequency current tuned to 3.5 meters and 
having 1.8 amperes in the auxilliary cir- 
cuit. The wasps were killed in an average 
time of 11.41 seconds. In another experi- 
ment (ixi), he determined that the lethal 
time for Golden Bantam corn was from 5 
to 60 minutes. Corn seeds exposed for 
from 30 to 40 seconds were definitely 
stimulated. Hadjinicolau (64) was suc- 
cessful in killing adults, larvae and pupae 
of insects feeding on stored products. 
Larvae of Plodia interpunctella affecting dry 
figs, apricots, etc., and larvae and pupae of 
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Sitrodrejea panicea affecting ground pepper 
were killed when irradiated for a period 
of time ranging from i to 1.5 minutes, 
frequency being 1,090,000 c.p.s. and a 

field strength of 3,977.6 All stages 

of the bean weevil are killed, without 
harming the seed, with a field strength of 

4000 Vishniakova (1x6) found that 

humidity of the seed is an important 
factor in lethality of high-frequency cur- 
rents. Temperature of the seed fluctuated 
from 33 to 66°C., depending upon wave- 
length, voltage gradient, and water con- 
tent, when a lethal dose was employed. 
From her experiments she concluded that 
the most useful wave-length of any condi- 
tion of seed is six meters. She also found 
that lethal time for pupae and adults of 
the bean weevil was the same, while 
larvae and eggs required longer exposures. 

Thus, with a voltage gradient of 5080 

they perished in 18 seconds, while with a 

gradient of 7000 it requires 6 to 8 

seconds. Mites arc more resistant than 
weevils. They require higher gradients 
and longer exposures. With a voltage 

gradient 8000 and a wave-length of 

5 meters they perished in x minutes. 
Later, however, she found that they were 
killed with the same exposure as bean 
weevils when surrounded by seed. Ex- 
periments of Vishniakova (ii6) showed 
that the fall in germination for any 
voltage gradient depends on the time of 
exposure and it requires longer exposures 
than those for killing insects. A fall in 
germination coincides with a temperature 
of 50® to 6o®C. within exposed seed. 
The killing time for insects was consider- 
ably lower when they were exposed in a 
layer from 1.5 to 3 cms. thick. 


Andreiev and Balkashin (3) used ap- 
paratus with a range of from 8 to 40 
meters, with a field strength of 3500 volts 
in a primary circuit, and with plates ii 
cms. X 15 cms. separated 1.5 cms. Their 
material consisted of wheat seed and the 
following mites: Aleurodus farinae Dcgccr., 
Clycipbagus cadaverum Schr., Tyroglyphus 
longior^ and CheriUtus eruditus. Wheat 
seeds weighing 40 grams and artificially 
infested with the mites were placed in 
small paper troughs (6 cms. x 3 cms.). 
After each exposure, the seeds were exam- 
ined, and from each lot was taken a 
sample of 100 seeds in order to determine 
the effect of treatment on germination. 
The remaining seeds were placed in both 
a dry jar and a jar with moist filter paper 
and observed for four days. Two con- 
trols were included in each test: one in 
which wheat infested with mites was 
placed in a dry jar, and the other, in 
which infested wheat was placed on 
slightly moistened filter paper in jars. It 
was observed that the temperature of 
irradiated seed registered 40® to 70®C., 
and, in some cases, even higher. The 
mites were killed in a shorter time under 
a shorter wave. Under a wave-length of 
40 meters mites were killed in 5 minutes, 
while below ii meters, they perished in 
30 seconds. When seeds were exposed 
for I to X minutes, germination was con- 
siderably lower. Short exposures (from 
15 to X5 seconds) did not seriously affect 
the seed. It is concluded that insects may 
be killed in a fraction of a second if the 
field strength is increased. 

Very interesting dependence of lethal 
dosage on voltage gradient and wave- 
length is presented by Evreinov (41, 43). 
All the stages of bean weevil and mites 
were killed with voltage gradients rang- 
ing from 5000 to 7000 and wave- 

cm* 

lengths from 5 to 7 meters in from 4.8 to 
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6 seconds. The temperature of the seeds 
was below 30®C. At a wave-length of 
5 meters and a voltage gradient of 6500 

(at 53“C.), the lethal time for bean 
cm* 

weevils was 1.4 seconds. Lethal action 
for weevils begins at a voltage gradient of 

2000 to 3000 Below a voltage 

gradient of 1000 time of exposure 

may be increased as long as desired with- 
out injuring bean weevils. Evreinov and 
other investigators maintained that the 
shorter the wave-length, the shorter the 
lethal time. A small change in a voltage 
gradient leads to considerable change in 
an exposure time. If a voltage gradient 

between 1000 to 3000 is changed ap- 
cm* 

proximatcly 10 to 15 per cent, a lethal 
dose may change some loo to 300 per cent. 
A lethal dose falls rapidly with an in- 
crease in thickness of the exposed seed. 
Moisture content of seed changes a lethal 
dose and affects the characteristics of 
apparatus. 

In 1933, Davis (34) published a semi- 
popular account of his investigations on 
the effect on some materials of 30 and 6 
meter wave-lengths from a 10 kilowatt 
generator. He stated that the 30 meter 
low-capacity waves were effective in ex- 
terminating adult insects in small quanti- 
ties of wheat within a period of about 90 
seconds, but later the eggs hatched. 
With the zo kilowatt and 6 meter waves, 
an exposure of 6 seconds proved lethal to 
eggs, larvae and adults. His observations 
on treated materials extended over a 
period of several months. He observed 
no injury to the seed. In some cases, an 
increase in the germinating power of 
seed (stimulation) occurred. 


BFPBCT OF AN OSOLLATINO BLECTHOSTATIC 
FIBLD ON BACTBBIA AND FUNOI 

The action of electrostatic fields in- 
duced by high, or ultra-high, frequencies 
on bacteria, fungi, and toxins is of con- 
siderable interest. As has already been 
mentioned, d* Arsonval et al, noticed some 
changes in bacteria and diphtheria toxin 
as early as 1893. 

In 1930, Mellon, Szymanowski and 
Hteks (141) studied the effects of oscillat- 
ing currents on diphtheria toxin when the 
temperature-induced effect on material was 
eliminated. In order to maintain a low 
temperature level, the toxin was chilled 
to 7®C., and subsequently treated for 4 
minutes with a current until the sum total 
of minutes of exposure varied from 15 to 
60. Control samples were given alternate 
treatments with ice and hot water at 
comparable exposures. In another ex- 
periment on cooling, a benzol cooler was 
used. In both tests they reported a 
definite attenuation of diphtheria toxin, 
while the temperature attained in the 
control samples did not affect the toxin. 

Haase and Schliephake (63), working 
with tubercle bacillus (B. tuberculosis) 
and Staphylococcus sp., noticed that B. 
tuberculosis treated for 30 seconds by high- 
frequency currents showed retardation of 
growth from 14 to 14 days after sub- 
culturing and staphylococci died more 
quickly than control cultures similarly 
exposed in a water bath. With a some- 
what complicated arrangement for cooling 
biologic material undergoing high-fre- 
quency current treatments (plate circuit 
3000 volts d.c., wave-length from 1.9 to 
3.7 meters, and voltage across the plates 
from 100 to 300 volts) Szymanowsky and 
Hicks (xis) obtained a definite attenua- 
tion of the three major bacterial toxins, 
diphtheria, tetanus, and botulinus in raw 
broth filtrates. The temperatures ob* 
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tained in treated solutions did not cause 
any change in the toxins. 

Bacteria can be killed by high-fre- 
quency currents, depending upon condi- 
tions of the experiment. Fabian and 
Graham (44), placing bacteria (B. coli) 
in a line offeree of high-frequency electro- 
static fields found that with a displace- 
ment current of 0.8 amperes (secondary 
winding of transformer delivered 1000 
volts) at a frequency of 7.5 mg.p.s., 
bacteria increased very rapidly. After 10 
minutes* treatment the temperature effect 
was noticeable. At 10 mg.p.s. the tem- 
perature began to rise quickly and the 
number of organisms rapidly decreased. 
This frequency appeared to be the most 
effective in killing bacteria. When the 
temperature of the broth containing bac- 
teria was maintained between 17® and 
i9®C., “a frequency of 10 mg.p.s. is the 
most effective in killing bacteria, with 15 
megacycles per second the second most 
effective, and 7.5 megacycles per second 
the least effeaive.** 

Tverskoi (113) studied the behavior of 
Erwinia carotovora in high-frequency elec- 
trostatic fields . He suspended the bacteria 
in a o.oi per cent NaCl solution and then 
placed them between condenser plates 
having a circuit tuned to 15.5 and 10 
meters. After this treatment the slanted 
agar medium was inoculated and in- 
cubated at to 3o®C. Under condi- 
tions of the experiment, it appeared that a 
wave-length of 10.4 meters was most 
effective. The growth of the organism 
was retarded after i minutes of treatment, 
while killing occurred in 1.5 to 3 minutes. 
He showed that density of the suspension 
and the time factor were independent as 
related to killing of the organisms. Bac- 
teria on a glass slide were inhibited in 
growth after treatment at 5.6 meters for x 
minutes and were dead after 5 minutes. 
However, bacteria on a dried silk thread 


were not killed even after 30 minutes 
exposure. 

Extremely short waves (17 to 45 cms.) 
have recently been tried on bacteria and 
fungi by Gier (57). Bacteria (PA. vtsica- 
toriuni) were killed at the frequency of 35 
cms. when exposed for 14 hours or longer. 
No effect was observed with other wave- 
lengths on Actinomycts scabies^ Sac-^ 
charomyces spp., Altemaria solaniy Cepbalo- 
sporium sp., Diplodia Zeae^ and Gibberella 
saubinetti. Species of Collybdia dryophila 
Fr., ScUfotium bataticola Taub., and 
Fusarium batatis Wr. were used by Johnson 
(95) in his work on the effect of Hertaian 
waves on fungi. His apparatus was not 
described although he mentioned the wave- 
lengths employed (50 and 100 meters). 
In his words, “there was no effect on 3 
and 4 day cultures of Fusarium batatis^ on 
4 to 8 day cultures of Collybdia dryophila^ 
on 3 to 4 day old cultures of ScUrotinia 
bataticola as a result of constant irradiation 
for 65 hours by a wave-length of 100 m. 
and for 48 hours by a wave-length of 
50 m.** 

Tverskoi (1x3, XX4) found that wave- 
lengths of xo and 30 meters were unsatis- 
factory even with very long exposures. 
Irradiation with 10.4 meters and less was 
effective. Fusarium solani^ ScUrotinia liber- 
tiana^ Botrytis cinerea and Phytophthora 
infestans were tested with wave-lengths of 
5.6 to 10.4 meters. The effect on fungi 
began at 10.4 meters, but longer ex- 
posures were required. Thus, P. solani 
was inhibited in growth after 10 minutes* 
exposure. With an increase in field 
strength, the inhibition time was short- 
ened. For instance, when the distance 
between the plates was x.5 cms. instead of 
3 cms. at 9 meters wave-length, inhibition 
for growth of P. solani began after 5 
minutes’ treatment; after 10 minutes the 
organism was killed. The most effective 
wave-length appeared to be 5.6 meters. 
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A one-minute treatment inhibited fungus 
growth, while exposures from 4 to 6 
minutes were lethal. Suspensions of 
sporangia of Fhytofhthora infestans in 
saline solution were inhibited after two 
minutes* treatment between the con- 
denser plates at a temperature of 31^ C. 
and were killed after 3 minutes or more at 
temperatures of 37® to 41® C. Tverskoi 
subjected fungi to treatment in a water 
bath with temperatures corresponding to 
those obtained between the condenser 
plates. When Fusarium solani was im- 
mersed in a water bath at 45^ C. and held 
for 10.5 minutes, there was no effect. 
However, a temperature of 50® C. for 30 
minutes was lethal to the fhngus. Yet, 
in a high-frequency electrostatic field, 
fungi were killed in 5 minutes when the 
temperature of the medium reached 50® C. 

Wood destroying fungi, Merulius lacry- 
mans Schm. and Poria vaporaria Pers., were 
found to be susceptible to ultra-short 
waves. Imshenetaki (84) found that 
these fungi may be killed in 45 to 60 
minutes in a comparatively weak electro- 
static field. He used a generator of 500 
watt dissipation, 3000 volts on anode, and 
4.x to 4.8 amperes in a secondary tank 
circuit. Power between the plates was 
equal to 504.10® ergs. Cultures were 
irradiated 4 and sometimes 8 meters. The 
time of exposure varied from i to 9X 
minutes. Experiments were first made 
with pure cultures and then with wood 
parasitized by these fungi. Pure cultures 
of fungi were killed after 60 minutes in a 
field of 500 volts. Merulius lacrymans was 
killed in 30 minutes. When the strength 
of a field was 50 volts the fungi could not 
be killed even after a x-hour exposure. It 
was found that wood does not hinder 
ultra-short waves and that fungi in wood 
may be killed in from 45 to 60 minutes. 
Shorter waves shorten the lethal dose: 
Merulius lacrymans ^ under a wave-length of 


8 meters, was killed in 60 minutes, while 
under 4.5 meters a lethal dose was 50 
minutes when the fungus was within or 
on the surface of wood. The position of a 
wooden block in a condenser does not 
affect the sterilizing action of ultra-short 
waves. 

Interesting behavior in a high-fre- 
quency electrostatic field was reported by 
Metlitzky and Soboleva (143) for Sclero- 
tinia libertiana and Bo fry Sis cinerea. Ex- 
posed between plates of ix cms. diameter, 
field strength xooo volts, 5.5 amperes in a 
secondary tank circuit, and a wave- 
length of x.x meters, these fungi were un- 
affected by exposures from i second to 30 
minutes. However, by a wave-length of 
5.6 meters they were killed in xo to X5 
seconds. Fungi were inoculated into agar 
media before treatment. At 45® C., the 
agar commenced to melt when in the con- 
denser during the treatment, but in a 
water bath, melting begins only after a 
temperature of 80® C. has been reached. 
Lethal effects of the above-mentioned 
frequencies began when the temperature 
of the medium registered 30® to 40® C. — 
temperatures that are not lethal under 
ordinary conditions. 

EFFECT OF OSCILLATING ELECTROSTATIC 

HELDS ON PLANTS AND PLANT PARTS 

Lakhovsky (103-109), who was the 
first to study the effect of ultra-short 
radiation on plant-tumor tissue, noted no 
ill effects of high-frequency currents on 
geranium plants. Later workers investi- 
gating the effect of high-frequency electro- 
static fields on seeds reported under some 
conditions a definite stimulation of 
germination. Headlee (76), working 
with frequencies from 750,000 c.p.s. to 
14,778,000 c.p.s., observed no injury to 
wheat seeds when employing frequencies 
of 700,000 c.p.s. to 3,000,000 c.p.s., even 
at 80 minutes* exposure. Seeds exposed 
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at 5yCX3o,ocx) c.p.8. for lo minutes were re- 
duced in germination to 54 per cent at 
160® F., as compared with 88.6 per cent 
germination of the checks. This shows a 
marked differential between lethality for a 
host and a pest, since insects are killed 
sooner. 

McKinley (iii) exposed seeds of Golden 
Bantam corn to a frequency current, vary- 
ing from 5 minutes to an hour. Seeds 
were killed at these exposures. With a 
one-minute exposure seeds were not killed 
but slightly retarded in germination, 
while “from 30 to 40 seconds, the growth 
of the seedlings was accelerated in the 
early germination period.’* 

TABLE i 

Ejfta of biih’frtqmncy tUctrostatk fitld (J>fi) on 
ffminatioH of carrot and onion sttds 
Qd^avt-Unyh m,') 



CHSex 

a axe. 

5 8XC. 

xo 8XC. 

15 8XC. 

fSED 







Per cent germioacioa 

Carrot 

3 ?- 

63 

41 

36 

*•5 

Onion 

30 

82. 

80 

69 

5 *- 


Bean seeds exposed to an oscillating 
current in a field strength of 3977.6 volts 
and a frequency of 1,090,000 c.p.s. did not 
lose their germinating power while this 
exposure proved lethal to bean weevils, 
according to Hadjinicolaou C^). 

Vishniakova (ii6) found that at all 
voltage gradients a longer exposure was 
required to cause a decrease in germination 
of seeds than was necessary to kill insects. 
When seeds are between the plates the 
temperature of wheat seeds at which a 
marked decrease in germination was ob- 
served lies between 50 and 60® C. Siniuk 
(105) studied seeds which were aged and 
low in germination. With an apparatus 
having a field strength of 3000 volts, 8 
amperes in a secondary circuit, with plates 
8 cms. in diameter (separated 50 mm.). 


and tuned to 5.7 meters, he found that x 
seconds exposure increased the germina- 
tion of onion, carrot, and wheat seeds 
(Table x). 

Currents of a circuit tuned to ii meters 
decreased the germination of wheat seeds 
about 68 per cent when they were exposed 
for 1.5 minutes. Less damage occurred 
at I minute and practically no injury from 
30 seconds or less, according to Andreiv 
and Balkashin (3). 

Some chemical changes occurring in 
seed during the treatment between con- 
denser plates of the oscillator were re- 
ported by Frolov (51). These changes 
are: decrease in starch, increase in sugar 
(probably invert sugar), and changes in 
albumin. An increase in germination 
and the energy of germination (energy of 
germination refers to the percentage of 
seeds which germinated three days after 
seeds were placed in a germinator) were 
noticed. Kuperman (103) investigated 
the effect of high-frequency currents 
tuned to 7 to 8 meters with a voltage 

gradient 1100 on yield, weight, and 


general growth of cucumbers, tomato, 
and cotton seed. Cucumbers treated for 
10 seconds showed an average increase 
in yield from 473 grams to 584 grams per 
plant, as well as an increase in dry weight 
of the plants. Seeds treated for 10 


volt>^ 

cm*^ 


and 


seconds (volt grad. 1000 
seconds (volt grad. 1100 g^ve plants 


which began to bear fruit 9 days earlier 
than the checks. Tomato seeds exposed 

for 3 to 10 seconds (volt grad. 1100 — f) 

cm* 

began to fruit ii days earlier than the 
checks. The number of fruits on tomato 
plants from treated seed was 118 to 134 
per cent as compared with the controls. 
Cotton seeds treated for x to 5 seconds at a 
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voltage gradient of 316 gave plants 

that formed flower buds 8 to zo days earlier 
than the checks, and buds opened 17 days 
earlier. The relation of moisture content 
of seed to heating when seeds are treated 
was discussed by Sharoiko (2J03). Inter- 
esting data were presented by Pospelov, 
Zhilenkov, Bumatzky and Buromsky 
(161) on treating milo seeds contaminated 
with smut spores and on stimulation of 
germination in oats, wheat, and milo. 
Energy of germination was the best in all 
three cases when seeds were rayed in a 
field tuned to 7 meters and exposed for 5 
seconds. An increase in energy of germi- 
nation occurred at 5 meters, at 30 seconds 
exposure. Smut spores on milo seeds 
treated by a 5 meter wave-length for less 
than one minute were killed completely, 
the seeds not being injured in any way. 
Chemical analyses of wheat seeds treated 
by a current tuned to 5 meters with an 
exposure of 30 seconds arc shown in 
Table 3. 

These results showed that the percent- 
age of albumin decreases in treated seeds. 
Increase in peroxidase parallel with an 
increase in energy of germination and in- 
crease in green weight and flowering 5 
days earlier than a check was observed by 
Tarusov (ii8, 119) for a blue lupin sub- 
jected to treatment by high-frequency 
currents. Increase in peroxidase takes 
place in dry as well as in moistened seeds 
and persists long after treatment. 

Wheat seeds artificially infected with 
Fusarium sp. gave 97 per cent germination 
when irradiated by a high-frequency 
electrostatic current oscillating at a wave- 
length of 5.6 meters and exposed for one 
minute; 90 per cent at z minutes exposure; 
80 per cent at 4 minutes; and 45 per cent 
at 6 minutes exposure. Fusarium sp. died 
after exposures of z minutes and longer. 
Thus, for example, it may be possible to 


disinfect wheat seeds for fungus diseases 
caused by smuts, Fusarium and Helmin- 
thosforium sp., etc., concludes Tverskoi. 

High-frequency currents are capable of 
inducing some changes in the chromosome 
apparatus of plant cells. Krajevoj (loz) 
reported a fragmentation of chromatin 
material of the nucleus, translocations, 
and the phenomenon of * 'somatic reduc- 
tion'* when pea seeds were exposed to a 
high-frequency electrostatic field. 

High-frequency electrostatic fields may 
be used to temporarily inactivate and en- 
hance the enzymatic mechanism of fruits 
and vegetables, and thus may be of 
service in storage preservation and ripen- 
ing of those products (z6, Z7, z8). Rc- 


TABLE 3 

Albumin confmt of wbeaf suds treatod in a biib~ 
frtquimy tkarostasic fitld tumd So / mtStrs 



Pit CENT 
Of AlBUmN 

Check (untreated; not germinated). . . . 

14.6 

Check (untreated; in germinator i day) 

1X.3 

Check (untreated; in germinator x days) 

IX. 33 

Treated (in germinator i day) 

9.36 

Treated (in germinator x days) 

8.39 


suits obtained by Cerevitinov and 
Metlitzky (z8) indicate it is possible to 
prolong keeping time of apples, pears and 
grapes and to hasten the ripening of green 
tomatoes. Grapes which were exposed 
for one minute (8 mg.p.s.) gave, at the 
end of Z3 days of storage, 3.5 times less 
overripe than those treated i second and 
10 times less than the controls. There 
was no decrease in vitamin C content in 
treated materials. Green tomatoes rayed 
for one minute ripened 14 days later, 
while only 6z per cent of the controls 
ripened (cf. Table 4). 

What is the mechanism of action in 
high-frequency fields? No definite answer 
to this highly important question can be 
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given at present. Many theories attempt 
to explain different phenomena induced 
by high-frequency currents. The princi- 
pal explanations are: heat produced as a 
result of energy absorption by the treated 
material (conduction currents); resonance 
theory; effect of dipoles, and specific effect. 
Detailed information on these topics is 
contained in certain papers (4, 11, 14, 35, 

36* 38» 39> 4o» 45» 74» 75. 77. 80. 97. 9®, 

100, no, 113, 114, 115, 1x6, 117, 1x8, 134, 
137, 138, 140, 14X, 153, 156, 157, 158, 187- 
190, 191-197, w> 4 . ^6. 2.15. 2.X0). 

ECONOMICS OF HIOH-FRBQUBNCY TREATMENT 

Mouromtseff (146) stated that irre- 
spective of the conditions, the safe mini- 


seeds from insect pests, smuts, and increas- 
ing yields of various crops. As a result 
of this intensive work (i4i,xi9) 9X hec- 
tares of truck crops, oil-yielding plants, 
etc. were planted in 1935 with rayed seeds. 
These were orientation tests in order to 
determine the best dosage for seeds under 
different conditions. In 1936, sufficient 
seeds were rayed to plant: 7131 hectares 
of cotton, 4000 hectares of corn, 1100 hec- 
tares of castor bean, and 100 hectares of 
vegetables. The results were as follows: 
— Cotton, an increase in yield from 0.3 
to 4 centners per hectare (i hectare equals 
1.5 acres; i centner equals xio pounds); 
castor bean, an average increase of 1.05 
centners per hectare, or about 17 per cent. 


TABLE 4 

Effia cf bigb‘frtquefuy oscillating fields on tomatoes Cafter Cerevitinov and MttlitzJti 


NO. 

DmuTioN or ukaoiation 

CONDITION or TOUATOIS ATTU 14 DAYS Or STOHAOE 

Flcth 

colored 

Browo 

Pick 

Red 

CulU 

Daouged 

1 

I second 

11.5 

2.5 

11.3 

50 

— 

22-5 

Z 

5 seconds 

2-5 

2-5 


50 

— 

21.5 

3 

30 seconds 

2-5 

11.5 

37-5 

^5 

2.5 

22-5 

4 

* I minute 

— 

— 

11.5 

87.5 

22-5 

— 

5 

3 minutes 

11.3 

37-5 

22.-5 

37-5 

22-5 

— 

6 

check 

11.5 

2-5 

22.-5 

50 

22-5 

2.5 


mum of energy for 100 per cent kill of 
weevils was 443 . watt-seconds per cubic 
inch. If we assume 450 watt-seconds of 
energy per cubic inch then it will give 
us 970,000 watt-seconds per bushel (450 
X XI 50) or 0.X7 kilowatt-hour per bushel 
of wheat. If the overall efficiency were 
40 per cent, the necessary input will be 
0.67 kilowatt-hour per bushel. *Trom 
this it can be concluded that the high-fre- 
quency treatment of wheat proves to be 
economically sound," concludes Mour- 
omtseff. 

Since 1934, 14 scientific institutions in 
Russia have been engaged in research on 
possible utilization of ultra-short radio 
waves in agriculture, i.e. for cleaning 


On some farms employing superior meth- 
ods, the increase amounted to 3 centhers 
per hectare. The yield of vegetables in- 
creased from 70 to 80 per cent. The 
potato yield increased 100 per cent, and 
the sunflower crop from 50 to 60 per cent 

^ ^ , centr. , centr. 

(concrok. 15.4 j— ; 

. centr.. 

or an increase of 7 := ). 

hect.^ 

In 1937, Dnepropetrovsk province 
planned to treat seed enough to plant 
x4o,ooo hectares, or 600,000 acres, as fol- 
lows: cotton, 60,000 hectares; com, 119 
hectares; castor bean, 15,800 hectares; 
vegetables, 11,315 hectares; watermelons, 
cantaloupes, etc., X9,3io hectares; pota- 
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toes, 1950 hectares. At present, Dne- 
propetrovsk province has about 10 high- 
frequency treaters (treating stations) using 
oscillators consisting of 2. tubes of 400 
watts, tuned to 7 to 8 meters. The 
generator capacity is 15 tons per working 
day of 10 hours, with an average of 3000 
pounds per hour. 

DISCUSSION 

High-frequency electrostatic fields cause 
some definite changes in biological ma- 
terial. Although the real mechanism by 
which changes occur in various materials 
exposed to the action of oscillating elec- 
trostatic fields has not been established 
with certainty, the application of the 
phenomenon to various problems in bi- 
ology and in particular to some branches 
of agricultural science should not be over- 
looked. Numerous investigations show 
that insect pests, fungi, and bacteria may 
be destroyed by heat induced by the pas- 
sage of electric forces (3, 43, 44, 60, 64, 
75, 84, 161, 2.13, 124, ii6). It may be 


that only certain vital parts of the living 
object are heated momentarily to such a 
degree that death ensues. This is in 
accord with Malov*s theory of “point 
hcat“ (134, 137, 138). 

Inasmuch as it is both interesting and 
important to know the underlying causes 
of the effects of high-frequency electro- 
static fields, the value of it is readily 
grasped when the destructive work of 
various cereal weevils can be controlled 
permanently by a simple, inexpensive and 
non-chemical procedure (34, 146) or when 
wood-destroying fungi may be destroyed 
by passing lumber between the plates of 
oscillating generator (84) thus saving 
considerably in terms of labor and expense. 

These experiments indicate that seed- 
borne pathogens (bacteria and fungi) may 
be destroyed on or in the seeds without 
injuring the latter. It may also be pos- 
sible to increase the power of germination 
of seeds whose germination has been 
lowered appreciably or which arc natu- 
rally more difficult to germinate. 
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SEX DIFFERENCES IN MORBIDITY AND 
MORTALITY {Concluded) 

By ANTONIO CIOCCO 

Dipartment of Biology^ School of Hygiene and Public Healthy The Johns Hopkins University 


Age and the differences in mortality between 
the sexes 

O NE of the main difierences 
between the males and fe- 
males, particularly in relation 
to the circulatory system, has 
been the higher mortality of the males 
from these causes that are characteristi- 
cally associated with advancing age. The 
mortality rates for the five gross divisions 
of the age range used in Table 7, bear this 
out and also bring out a number of addi- 
tional facts about the behavior of the two 
sexes with regard to mortality. 

Considering the deaths from all categories 
and for all the age groups, it is seen that 
the absolute differences between the rates 
of the males and of the females is greatest 
for the deaths under 1 year of age, reaches 
a minimum for the 5 to 14 age group and 
increases thereafter. There are thus two 
age periods: infancy and late adulthood 
and old age in which the males exhibit a 
markedly higher mortality than the 
females. The higher male mortality dur- 
ing infancy in part is due to what might 
be regarded as the extension into post- 
natal life of the factors responsible for the 
high masculinity of stillbirths. Thus 
one notes the great difference between 
male and female infants relative to the 
mortality from prematurity and from in- 
jury at birth; both conditions discussed 
already in the previous section. Among 
the other causes that cannot be allocated 


to any particular organ system those 
classed as violent and accidental deaths 
deserve some attention. At all ages, the 
mortality of the males from these causes 
is higher than that of the females. For 
the ages above 5 this might be explained 
by the differences in the environment of 
the two sexes, occupation for example, or 
merely the different exposure to risk due to 
the greater activity of the boy and man. 
Except that probably the male is more 
active than the female, it is difficult to 
imagine a greater exposure to risk of death 
for the male infant and yet the data show 
that for the ages under 5 the mortality 
rates from causes listed under these cate- 
gories is higher in the males. For ex- 
ample, it is higher in the case of deaths 
from mechanical suffocation, drowning 
and falls and yet for all of these it would 
seem that the element of chance is alone 
involved. If it could be definitely shown 
that in the two youngest age groups as 
many or more females than males are sub- 
ject to such accidents, the argument of 
those who believe in the inherent in- 
feriority of the male would be greatly 
strengthened. At present a categorical 
position in the affirmative or negative 
cannot be taken although unpublished 
data, use of which has been kindly per- 
mitted by Dr. S. D. Collins of the United 
States Public Health Service, would seem 
to indicate that in infancy the incidence 
rate of accidents is actually higher in the 
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males than females. In a periodical can- When the sex differences in mortality 
vass of 9»ooo families made under Dr. Col- due to the break-down of the several 
lins* direction from 1918-1931 (cf. Collins, organ systems are considered in relation to 
1940), twenty-eight accidents of all types age, the pattern of these differences be- 
were recorded for male infants and sixteen comes more definite if none the less com- 
for female. The rates per 1,000 person- plex. For deaths due to a break-down of 
years experience as computed by Collins the circulatory system, the higher male 


TABLE 7 

Mortality rafts of malts and ftmalts according to organ systtm involved, Whitt population of tht United States 

Registration Area, 
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A notable exception to the higher maicu- 
line mortality from cardiovascular dis- 
eases is constituted by diseases of the 
endocardium for which neither sex pre- 
vails consistently and from 5 to 49 years 
of age the females have the higher mor- 
tality. For the under i age group the 
male death rate (per loo^ooo) is 13.7 com- 
pared to 10.8 for the females, in the next 
xgc group it is respectively 3.3 and 3.0, 
for the 5 to 14 years age groups instead one 
finds 7.6 males and 8.9 females, and for the 
15 to 49 years age period the rates arc 
respectively 19.7 and 10.3. After 50 
years of age there is again a return to a 
higher male mortality, the rate being 
X43.X as compared to in the females. 

Altogether, the sex differences a^ong 
deaths from causes demonstrating a break- 
down of the respiratory system follow the 
same age pattern as those from diseases of 
the circulatory system. The highest dif- 
ferences occur at the two extreme age 
groups. There are, however, some no- 
table exceptions to the general higher 
death rate of the males from this group of 
causes. In the first place, at all ages more 
females than males die of whooping cough. 
Secondly, at the oldest ages more women 
than men die from bronchitis (all forms) 
and from influenza (ail forms). For the 
former condition the mortality of the 
males equals 84.8 compared to 90.9 for 
the females, for the latter the rates are, 
respectively, 47.1 and 30.9. Thus, the 
data suggest that the higher male mor- 
tality from respiratory conditions is a 
consequence mainly of a greater liability 
to a break-down of the lungs proper. 
For the time being, the comparative 
female mortality from whooping cough 
and, in the older ages, from bronchial 
diseases cannot be attributed to a weakness 
of any specific organ or structure although 
it is to be noted that in the complex 
pathological picture of whooping cough 


deaths are found those lesion^ of the 
bronchi and lungs to which MacCalluia 
has given the name of interstitial bron- 
chial pneumonia. 

As it is apparent in Table 7, the differ- 
ences in the mortality between the males 
and females from conditions involving the 
nervous system do not become striking 
until the ^ult years are reached. This is 
to be expected since among the death 
causes that exhibit a high masculinity are 
alcoholism, suicide, tabes dorsalis, and 
general paresis. In infancy and childhood 
the prevalence of meningitis among the 
males is offset by the higher female mor- 
tality rates from congenital hydrocephalus 
and spina bifida meningoceli. It will be 
recalled that both of these conditions, 
when they cause stillbirths, are also 
found more often in females. Inciden- 
tally, the most important cause of death 
in the oldest age group, cerebral hemor- 
rhage, affects the females slightly more 
than the males in that period. In the 
younger age classes it is relatively preva- 
lent at times in the males and at others in 
females. 

A study of the age specific rates for the 
diseases listed under alimentary tract does 
not alter sensibly the picture presented 
above. The higher rate for the male 
infants relative to diseases of the ali- 
mentary tract results from the high masu- 
linity of deaths due to diarrhea and 
enteritis . The preponderance of the males 
then, seems to be associated particularly 
with a break-down of what might be 
considered the gastro-intestinal tube 
while, in general, the females seem to 
show greater liability to a functional fail- 
ure of the specialized glands which repre- 
sent a later development of the embryonic 
gut. The apparent exception is cirrhosis 
of the liver, but the greater masculine 
mortality from this condition may actu- 
ally be the result of environmental factors. 
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io ptstiag, it will be obtenred that other 
diseases of the pancreas besides diabetes 
and other diseases of the gall bladder 
besides biliary calculi show a higher 
female mortality. This has important 
significance inasmuch as it suggests that 
the tendency of the gall bladder and pan- 
creas to break-down more often in the 
case of the female does not depend upon a 
particular etiological factor. 

As the data of both Tables 5 and 7 indi- 
cate, the higher mortality of the males 
due to the break-down of kidneys and 
related excretory organs is concentrated 
entirely in the age class of 50 years and 
above. In the three youngest groups there 
is very little difference between the rate of 
the males and females, and for the 15 to 49 
years age class the women definitely have 
higher rates, as expected from the inci- 
dence of puerperal albuminuria and 
eclampsia. 

For the causes of death listed in the 
skeletal and muscular system there is a 
consistent though ' not marked higher 
masculinity until the age class 30 and over 
is reached. In this group there is a 
prevalence of women . The preponderance 
of males noted in the first four age groups 
is associated principally with rickets, 
osteomyelitis, tuberculosis of the bones, 
joints and vertebrae. The females instead 
show a higher relative frequency in rela- 
tion to acute rheumatic fever and chronic 
rheumatism. Although the number of 
cases on which these rates are based is not 
large, corroborative evidence will be pre- 
sented later to show that these findings 
probably present a true picture of the sex 
differences in the mortality from these 
conditions. 

The age trend of the comparative mor- 
tality rates from causes included in the 
group of endocrine diseases and in that of 
the primary and secondary sex organs 
exhibits a noteworthy parallelism. Rela- 


tive to both groups the males have a 
higher rate in the 6 nt year of life. This 
is associated with diseases of the thymus 
and with congenital S3rphili$. The higher 
male morulity during infancy from con- 
genital syphilis is in accordance with the 
findings on stillbirths and the question is 
again raised whether the sex selectivity 
is dependent upon the inferior resistance 
of the male or to a previous elimination of 
the females in the early stages of em- 
bryonic life. The higher female rates 
found after adolescence for deaths due to 
the break-down of the endocrinal system 
and that of the primary and secondary sex 
organs are associated with diabetes, dis- 
eases of the thyroid and with diseases 
related to pregnancy. The latter furnish 
the bulk of the female mortality from dis- 
eases included in the class of primary and 
secondary sex organs, but it is of impor- 
tance to note that during adulthood can- 
cer and other tumors of the breast con- 
tribute heavily to the female mortality. 
From this sketchy statistical description 
of the sex differences in the post-natal 
mortality for the year 1930 among the 
white persons in this country, a number 
of important deductions can be drawn. It 
appears, first of all, that during childhood 
and adolescence the sex differences in 
mortality — the higher mortality of the 
males — is barely perceptible. The trend 
of the differences, if considered by itself, 
would suggest that two series of factors 
are responsible for the higher male mor- 
tality. One factor would be the inherent 
biological inferiority of the males that 
brings about the elimination of the 
weaker in the early period of life. The 
other would be the environmental condi- 
tions related to the particular functions 
of the male in the social group. Secondly, 
considering the mortality due to the break- 
down of the several principal organ-sys- 
tems, it is seen that not for all grou^ Of 
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diseases do the males exhibit a higher 
mortality, and in those instances where 
they do have a higher death rate, it is in 
general due to only some of the diseases 
included in the category. Furthermore, 
when the causes of death for which the 
males definitely predominate are exam- 
ined, one notes: pneumonia, cancer of the 
skin, alcoholism, suicide, diarrhea and 
enteritis, tabes dorsalis, general paresis, 
stomach and duodenal ulcers, all condi- 
tions in which the environment and the 
social function of the male may play a very 
important part. On the other hand, the 
males have a markedly higher mortality 
from diseases involving the arteries and 
the myocardial layer of the heart and from 
malignancies of the buccal cavity, diges- 
tive tract, and bladder. So far as any 
precise knowledge of the etiology of these 
conditions is available, it would seem 
that they are probably dependent more 
upon the inherent biological constitution 
than on other factors. There are certain 
causes of death for which there is not a 
male but a female preponderance. It is 
particularly noticeable that the females 
die more than the males from the diseases 
of the gall bladder and of the thyroid. 
The more frequent break-down of the 
endocrinal system in the females is not 
only found relative to the thyroid but also 
in relation to the pancreas; the diabetic 
mortality being much higher in this sex. 

From the detailed consideration of the 
causes responsible for the deaths, it is 
seen that the so-called inferiority of the 
male is not general but specific, that is, it 
is limited to certain conditions. In turn, 
the females also manifest a greater lia- 
bility to particular causes of death. In 
addition, however, it becomes clear that 
for those diseases or groups for which 
either of the two sexes demonstrate a 
higher mortality the causal element may 
not be alwa]jr8 connected with maleness or 


femaleness. The higher male mortality 
during infancy might be considered as an 
indication of an inferior biological struc- 
ture. However, even in this case, caution 
must be u^ed in assuming that exposure to 
risk of dying is equal in the two sexes. 
Bearing on this point are the data reported 
with reference to accident incidence. A 
priori^ it would seem that among infants 
the liability to accidents should be equal 
in the two sexes, but apparently it may 
not be so. Therefore, it is of great im- 
portance to ascertain, so far as the avail- 
able information permits, whether the 
differences in mortality noted above result 
from a difference in liability to a particu- 
lar cause of death or in resistance to it. 

Morbidity in the two sexes 

With but few exceptions adequate data 
regarding the attack or case rate of ill- 
nesses do not exist. For the majority of 
diseases the only information available 
is that given in the summaries of clinical 
and hospital reports, which in general 
express the sex differences in terms of ratios 
of males to females, or else just mention 
whether there is a preponderance of one 
or the other sex in the sample collected. 
Such statistics are faulty for a number of 
obvious reasons . The method of selection 
of the sample, the age distribution, the 
race (color) and other characteristics of 
the individuals arc omitted more often 
than not. Furthermore the size of the 
sample is rarely large enough since usually 
it represents the experience of one man or 
one clinic. In order to obviate some of 
the inadequacies of the available informa- 
tion an attempt has been made to bring 
together here the conclusions reached by a 
number of observers and authorities. 
But while the medical literature on the 
subject has been investigated as thor- 
oughly as possible, for the purpose of this 
paper only those reports have been utilized 
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dbat deal with the disease conditions 
noted above and for which the mortality 
rate of one sex is significantly higher 
than that of the other. So far as was 
feasible only data based on the white 
population of this country have been 
used. 

In the same order as above the diseases 
are presented, grouped in the 9 categories 
of Pearl’s classification. 

I. Circulatory system^ blood and blood- 
forming organs. Arteriosclerosis is found 
more often in males according to all 
students of the subject (cf. Boyd, 1938). 
Evidence to support such an assertion is 
plentiful. In the morbidity survey made 
by De Porte (1933) in rural New York 
State it was foimd that of 1934 individuals 
9.9 percent of the males and 7.7 percent of 
the females had arteriosclerosis. Wykoff 
and Lingg (19x6) report that the males 
constituted 75 percent of the 134 persons 
with arteriosclerosis they encountered in 
the survey they conducted for the New 
York Heart Association. The experience 
of the Mayo Clinic, according to Allen 
(1934), demonstrates that over 5 times 
more males than females are affected by 
this condition. In addition to arterio- 
sclerosis, thrombo-angiitis obliterans, a 
disease of the arterioles, also occurs with 
greater frequency among the males accord- 
ing to Allen’s report, the ratio being 90 
males to i female. As a matter of fact it 
is probably higher since as Boyd says it is 
a condition practically confined to the 
male sex alone. Allen and also Good- 
ridge (1919) cite Buerger as having seen 
only 3 women in 500 cases. 

Among the other diseases in this class 
one notes as for the mortality, a preva- 
lence of males among the persons affected 
by diseases of the myocardium, the 
coronary vessels, the aorta and peri- 
cardium; and the several clinical surveys 
and observations are all in agreement. 


For example, Sprague (1937) concludes 
that coronary sclerosis occurs three times 
as often in males as in females. Such is 
the opinion of White (1937) relative to 
coronary insufiSciency, although for this 
condition the ratios reported reach 30 to i. 
Myocardial degeneration has been seen 
twice as frequently in males as in females 
according to Eggleston (1919). Allen 
(1934) reports a ratio of 7 to i for myo- 
cardial infarction. Angina pectoris is 
well known to occur from four to six 
times more often in males [cf. Allen (1934), 
Brooks (1919), Boyd (1938), Smith (1934), 
etc.]; so also does aneurysm of the aorta, 
syphilitic heart disease and aortitis, ac- 
cording to Cowan and Ritchie (1935), 
Osier (1935), Smith (1934), Brown (19x9), 
Christian (1935), and De Porte (1933). 
Pericarditis is also found to be more fre- 
quent in males [cf. Osier (1935), Morris 
(19x9), Smith (1934)], the ratio being 
about two to one according to Allen’s 
experience. 

The age variations in the sex incidence 
of morbidity from endocarditis apparently 
parallel in certain respects that observed 
in mortality. Chronic mitral endocarditis 
is apparently more frequently in females 
according to Allen, the ratio being about 
two to one. White believes that in 
general women are more prone to valvular 
heart disease because they are more liable 
to rheumatic infection which is by far the 
most important etiological factor as- 
sociated with this form of heart disease, 
particularly in childhood and youth. 
However, with advancing age arterio- 
sclerosis and syphilis accompany this 
disease more often and since they are pre- 
ponderant in men, the sex ratio is altered. 
It is the etiologic factor then and not a 
specific sex weakness of the structure that 
brings about the alternative greater female 
and male mortality from valvular heart 
disease. In effect, the conditions which 
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coostitttte what is diagnosed as rhcutnatic 
heart disease prevail in females by two to 
one in G>ombs's (1924) olscb , 

although in De Porte's and Wykoff and 
Lingg's data the ratio was somewhat 
lower. Wilson #/ aL Ci9i8)» however, 
from their observations on children ob- 
tained the same results as did Coombs. 

Summing up, it is found that there is 
correspondence between the sex incidence 
in morbidity and in mortality from the 
more important diseases associated with a 
break-down of the heart and circulatory 
system. 

n. Rispiratofy systm. In this group 
lobar pneumonia and pleurisy are the 
causes of death that manifest a signifi- 
cantly high masculinity and it would 
seem that these diseases actually occur 
more often in the males. In Osier's text- 
book it is stated that in 11,098 collected 
cases of lobar pneumonia, 73 percent were 
males and 17 percent females. HofiFman's 
C1913) summary of the Johns Hopkins 
Hospitol experience from 1891 to 1911 
shows that 341 male white patients and 
only 101 white females were admitted for 
diseases of the lungs (tuberculosis not 
included) during that period. During 15 
years of observation at that hospital, ac- 
cording to Osier, 194 patients with sero- 
fibrinous pleurisy were seen and of these 
x6i were males and 33 females. On the 
whole this illustrates the general observa- 
tions reported by Barach (1933), Trask 
(1937). Cecil (1937). Austrian (1939), 
Sullybrass (1931) and others. De Porte's 
1917 morbidity survey in rural New York 
State showed that acute lobar pneumonia 
was reported in 78 males and 53 females. 

What dau there are on the sex fre- 
quency of influenaa in non-epidemic con- 
ditions are not useful for the purposes of 
this study due to a variety of reasons. In 
the 1918 epidemic. Frost's (1919) study 
indicates that on the whole the attack 


rates were higher for the females than for 
the males. Vaughan's Cx9xx) observa-* 
tions of the 1920 epidemic in Boston bring 
out a similar relation. In addition, 
Vaughan says that, on the average, the 
women had also a higher proportion of 
severe cases. A very interesting observa- 
tion is reported by Frost regarding the 
case fatality from influenxa during the 19x8 
epidemic. He noted that between the 
ages of 15 and 60 the men, not the women, 
had a higher fatality rate. This is ac- 
counted for by a higher incidence of 
pneumonia in the males together with a 
higher mortality from this diseise. 
Vaughan, in the epidemic he studied, 
found the same — 5.1 percent of the males 
developed pneumonia and recovered and 
X.9 per cent died, while 3.6 per cent of the 
females developed non-fatal and .4 per 
cent developed fatal pneumonia. Al- 
though it may be that epidemic influenza 
has characteristics of its own, these find- 
ings would suggest that the higher 
masculine mortality from this disease at 
several age periods may be due entirely to 
the greater susceptibility of the male to 
pneumonia. 

Whooping cough is one of the major 
causes of death showing at all ages a 
female instead of a male preponderance. 
Data on the attack rate of the disease in 
general appear to reveal the same. God- 
frey's (1928) observations in New York 
State inclusive of New York City, Laing 
and Hay's report from Aberdeen (1901), 
the report of the British Medical Resear^ 
Council (1938), all note that the females 
are attacked relatively more often than 
the males. Sydenstricker's (1918) data 
from Hagerstown, Maryland, and De 
Forte's findings in rural New York are 
the only two studies where a slight excess 
of males has been found among the cases 
having the disease. Since the frequency 
of deaths from this disease is somewhat 
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tmtisaal relative to the sex incidetice many 
have speculated upon its significance. 
Holmes (1516), Young and Russell (1917, 
and Hill (1933) have all discussed the 
matter at length. They have come to the 
conclusion that the sex differences are not 
associated with differences in siae of 
larynx or with peculiar sensitivity of the 
nervous system but rather to a difference 
in susceptibility to the specific organism. 

IV. Kidneys and related excretory organs. 
As the data on mortality have shown, on 
the whole for this group of conditions 
there is not a striking difference between 
males and females. In Osier's textbook 
it is suted that the males are rather more 
subject to chronic nephritis than are the 
women. Hoffman's study of the admis- 
sions at the Johns Hopkins reveals that 
575 males and 5x1 females were found to 
have diseases of the kidneys. However, 
Allen's report from the Mayo Clinic would 
indicate that twice as many males as 
females are affected with glomerular 
nephritis. On the other hand, De Porte 
reports that more females than males 
were found to have chronic interstitial 
nephritis (Bright's disease) in the mor- 
bidity survey in rural New York, the 
figures being 651 women and 481 men. A 
similar relation was observed for acute 
nephritis: 183 females and only 165 males 
being reported. In a way, these last 
findings would seem to contrast with 
McCann's (1934) statement that acute 
hemorrhagic nephritis is found with about 
equal frequency in both sexes during child- 
hood but that later in life the males have 
a higher incidence. Altogether these ob- 
servations suggest, then, that there is no 
clear-cut predominance of one or the 
other sex with respect to diseases causing 
directly the break-down of the kidneys. 

V. Skeletal and muscular system. On 
the whole, the sex incidence of the diseases 
of this group corresponds to that observed 


relative to mortality. Osteomyelitis, as 
Allen shows, is found twice more often 
among males than among females. With 
regard to rickets, there is some uncer- 
tainty about a sex difference in suscepti- 
bility. Hess (19x9) is unable to arrive at 
any definitive conclusion although he and 
others have observed late rachitic sequelae 
more often in boys than in girls. 

Taking together all manifestations of 
rheumatic fever, the consensus of opinion 
is that it occurs more often in females than 
males during the age period of its highest 
incidence, childhood and adolescence. 
Osier (1935), Swift (1937), Torrey (1935), 
and Sydenstricker (1934) concur in this 
conclusion. Thomson and Findlay's 
(1933) report on 701 children seen in 
Glasgow supports this view. Of these, 
63 per cent were girls and 37 per cent 
were boys. While at later ages there 
appears to be no sex difference in the 
attack rate, or maybe a slight masculine 
predominance, the higher fatality noted 
for the females can be accounted for by 
the association of the childhood disease 
to endocarditis. 

Chronic arthritis also occurs more often 
in females, if gout is excepted. Glover 
(19x8), who has summarized his own and 
other data on the subject, notes that for 
this disease the females are twice as sus- 
ceptible as the males. This is in fair 
agreement with the observations of Torrey 
(1934), those of Cecil (1937), Allen (1934) 
and others. In De Porte's survey, 109X 
males as compared to 1148 females were 
affected by this condition. It should be 
noted here that Dawson believes that the 
female prevalence is to be observed par- 
ticularly during the period of sexual 
maturation and at the menopause. 

VI. Alimentary tract and associated org^ 
concerned in metabolism. The higher mor- 
tality of the males from diseases of the 
intestinal tract is apparently associated 
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with a higher male morbidity from auch 
conditions. Boyd Ci 93 ^)> GrifiSith and 
Graeme Mitchell (1937)* Hempelmann 
(1935), and others have noted that mal- 
formations and abnormalities of this organ 
system are found more often in males. 
For example in 358 cases of Meckel's 
diverticulum that Boyd collected, only 
71 were in girls. 

Duodenal ulcers occur much more fre- 
quently in males than females. Euster- 
man and Balfour C ^930 ^or instance have 
operated on 551 males and only 150 fe- 
nules. Hosoi and Alverea (1930) found a 
ratio of over three males to one female in 
the series collected at the Mayo Clinic. 
An interesting observation by these 
authors is that gastrojejunal ulcer has 
been found over seven times more often 
in males but simple gastric ulcer is ob- 
served somewhat more frequently in 
females. In Osier’s textbook a state- 
ment to the same effect is made and Brown 
(19x9) cites the results of Moynihan's 
clinic where in 164 operations for simple 
gastric ulcers, 83 were on men and 81 on 
women. These findings indicate then 
that males tend statistically to show an 
organ weakness relative to the intestinal 
tract, but not to so marked a degree for 
the stomach. This is in agreement with 
the mortality data reported above where 
the sex differences were significant only 
with respect to the intestinal tract, while 
for the deaths from diseases of the stomach 
the proportion of the sexes was not 
strikingly different. Further confirma- 
tion on this point is obtained ’from the 
report of Hosoi and Alvarea. These 
authors have observed more males than 
females among cases of cancer of the 
intestines, but about an equal number of 
men and women among cases of cancer of 
the stomach. Cirrhosis of the liver and 
malignancy of this organ are somewhat 
more frequent in males than females. 


But Hosoi and Alvarea’s data indicate 
that this masculine preponderance is not 
very marked, since in their series the 
ratio was about 1.3 to i. Other writers^ 
as for example Stengel and Kerr (1912.) 
and Rolleston and McNee (19x9), raise 
this ratio to between x and 3 to i. 

While acute appendicitis, according to 
Lewis (19x9), is more common in men, 
since he found 959 males (60 per cent} in 
a series of 1577 cases, Hosoi and Alvarez 
find only a slightly higher number of 
males in the series of cases they record. 
De Porte reports 453 men and 513 women 
among the cases of appendicitis not^ in 
the morbidity survey of 19x7 in rural 
New York. It would seem then that the 
sex differences in the mortality from this 
condition are not associated always with 
a corresponding difference in morbidity. 
It must be remembered, however, that the 
fatality rate from this condition depends 
on a number of extraneous circumstances 
not connected with the individual physical 
resistance. The same can be said about 
typhoid fever for which the mortality was 
found higher in the males. The attack 
rate for this disease depends entirely on 
the cause of the outbreak. Whether or 
not males are more apt to die, everything 
being equal, is a matter regarding which 
there is little conclusive evidence. 

Pellagra is one of the conditions in this 
class for which the mortality is higher in 
the females. Goldberger et al, (19x9), 
Vanderhoff (19x9), Zimmerman (1937), 
Musser (1934) all agree that women are 
slightly more susceptible. Official statis- 
tics (19x0 regarding admissions to in- 
stitutions for mentally deranged reveal 
that in 19XX the first admission rate from 
pellagra psychosis was for white urban 
males equal to o.i per 100,000 population, 
for the females it was 0.3. For males 
coming from rural areas the rate was 0.3 
while for females it was 0.8. 
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A break-down of the gall bladder also 
causes death in more females than males. 
Boyd (1938) says that females are always 
more subject to it. Hosoi and Alvarez 
noted cholelithiasis almost three times as 
frequent, and cancer of the gall bladder 
almost four times more often in women 
than men. For the latter disease, Rollcs- 
ton and McNee (192-9) have summarized 
the findings reported in the literature, both 
American and foreign, and state that the 
rate of females to males varies from 3 to 
I, to 5 to I. These same authors report 
that in general gall-stones are said to 
occur from two to three times more often 
in women than in men, a statement with 
which there appears to be general agree- 
ment. 

VII. Nervous system and sense organs. 
There is no doubt that tabes dorsalis not 
only causes more deaths among males 
than females but is also found more often 
among men. Osier and also Stallybrass 
have stated that 10 males to i female are 
afifected by this condition. As a matter 
of fact all forms of neurosyphilis occur 
more often in men according to the above 
authors and others. The question, how- 
ever, is whether or not this male pre- 
ponderance is not dependent upon the 
higher rate of syphilis among men, a fact 
well established [cf. Le Blanc (19x5)]. 
Turner’s (1930) data based on 10,000 
consecutive hospital admissions would 
indicate that the higher incidence of 
syphilis among men is not in itself respon- 
sible for the frequency with which central 
nervous system involvement occurs in 
this sex but that actually the males seem 
to be more prone to neurosyphilis. He 
found that 39 per cent of the male syphi- 
litics had some form of neurosyphilis as 
compared to only xi per cent of the 
females. 

Among the diseases included in this 
group the various forms of meningitis all 


show a masculine preponderance in attack 
as well as mortality rate. Levinson 
(1937) is of the opinion that all forms of 
meningitis, independently of the etiologic 
factors, occur more often in males. 
Meningococcic meningitis he thinks is 
found times more often in males than 
in females. Purulent and tuberculosis 
meningitis also occur in the two sexes in 
the above proportion. Kempf et al, 
(1933) in the Indianapolis epidemic of 
meningococcic meningitis found even a 
higher ratio, 80 per cent of their cases 
being males. 

This apparent liability of the meninges 
of the males to various forms of disease 
is also shown by HoflFman’s (1913) report. 
He grouped together diseases of the brain, 
spinal cord and meninges and in this series 
are included 360 males and only 140 
females. Diseases of the cranial and 
spinal nerves were found instead in 143 
males and 14X females. 

Dementia praecox is the one disease in 
this group for which the mortality in 
the females is somewhat higher than in 
the males. But it appears that the attack 
rate as measured by the first admission 
rate, shows the reverse. Official statistics 
for the whole country, as well as Malz- 
berg’s (1936) report for New York State, 
indicate that for this condition the first 
admission rate to institutions is higher 
in males. During 19XX in the United 
States, the number per 100,000 population 
of males and females admitted with a 
diagnosis of dementia praecox to institu- 
tions equalled X0.3 and 15.8, respectively. 
This refers to white urban population 
only. In the white rural population the 
rates were 9.7 for the males and 7.4 for 
the females . The mortality of the persons 
with this condition was, however, higher 
in the females. During that year the 
deaths per 1000 under treatment equalled 
X7.8 for the males and 33.8 for the females. 
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Thus it would seem that while males are 
more susceptible to dementia praecox, the 
course of this disease is more often fatal 
in females. 

VIII. Skin. The two diseases in this 
group showing a definite sex difiference in 
mortality are cancer of the skin and 
erysipelas. That these have also a higher 
attack rate in the males is universally 
accepted, but with fairly good foundation 
the masculine preponderance is attributed 
to the influence of differences in environ- 
mental exposure. 

IX. Endocrinal system. Deaths from the 
break-down of this system occur more 
often in females because of the frequency 
of deaths from diabetes and diseases of the 
thyroid in this sex. That the incidence 
of the various forms of pathologic in- 
volvement of this gland is higher in 
females has been accepted for some time 
and the findings reported substantiate the 
conclusions. Hoffman's data give the 
number of females with diseases of this 
gland as 368 compared to only 96 males. 
Ehrstrom (1921) and also Means (1934) 
note that from i to 8 times more females 
than males are affected by endemic goiter. 
Oleson's (1924) survey of school children 
in Cincinnati revealed practically the 
same. Studies and summaries by Bram 
(1936, Bell (1938, Marine (1937), Osier 
(1933), DuBois (1929), Kennedy (1937) 
and Ehrstrdm indicate that the ratio of 
females to males among those affected by 
exophthalmic goitre, simple, and colloid 
goitre ranges between 3 and 10 to i. A 
ratio of the same magnitude is Reported 
by DuBois, Marine, and Ehrstrom in 
relation to myxoedema. 

Diabetes is another disease for which 
the female mortality is higher. This, 
according to some students [cf. Drolet 
(1933)] is really a recent phenomenon and 
to it there corresponds an increase in the 
number of cases treated. Joslin (^935) 


notes that until 1922 his patients com- 
prised 53 per cent males, while after that 
date only 45 per cent of them were males. 
In De Porte's survey in 1927 a similar 
female preponderance was found; of 505 
cases with diabetes reported, 332 were in 
women. 

This examination of the reported in- 
cidence of certain diseases in the two 
sexes indicates that, on the whole, the 
sex frequency with which certain diseases 
are encountered in clinical practice cor- 
responds to the sex differences in mor- 
tality. It is to be understood that these 
data refer to incidences of conditions so 
severe as to force the persons to have re- 
course either to a physician or a clinic. 
The significance of the findings would be 
then that on the whole there is none or 
little difference between the sexes in rela- 
tion to the fatality from certain diseases 
once the disease process has reached a 
severe or moderately severe stage. How- 
ever, what is desired to know is whether 
given an equal opportunity to acquire the 
disease the two sexes differ in their resis- 
tance to the pathological action. The 
relatively meager data bearing on this 
point are very suggestive. Sydenstricker 
(1928) in his report on the morbidity sur- 
vey of the people of Hagerstown, from 
1921 to 1924 brought out the important 
fact that taking all causes and all ages 
together the annual illness rate was 30 per 
cent higher in females than in males. 
Considering the separate groups of diseases 
he found that the females demonstrated a 
higher sickness rate from general diseases 
and from diseases of the respiratory tract, 
nervous system, eyes and ears, circulatory 
system and kidneys, digestive system, 
non-venereal reproductive, and, of course, 
from puerperal conditions. The males, 
instead, had higher rates from epidemic, 
endemic and infectious diseases, diseases 
of the skin, and accidents. Taking age in- 
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to account the higher female morbidity 
rate was observed only after the age of ten 
while below that age the sickness rates 
were higher in the males. Furthermore, 
in children and adolescents Sydenstricker's 
data indicate that in the age periods when 
the males have a higher morbidity rate, it 
is due to existence of a larger moiety of 
boys who arc frequently ill while in the 
later years, higher morbidity of the fe- 
males is due both to a greater number of 
sick persons as well as to a larger moiety 
of females who are sickly or frequently ill. 

Findings similar to these result from the 
morbidity survey of 9000 families discussed 
in the very recent report by Collins (1940). 
The population canvassed is constituted of 
families in 18 states kept under observation 
for a period of 12. consecutive months. 
Collins's data show that on the whole 
when all causes of sickness are considered 
the females have sickness rate (cases per 
1000) almost 30 per cent higher than the 
males and although the exclusion of 
causes associated with genital and puer- 
peral diseases reduced this excess, the 
female rates were still almost 20 percent 
higher than the males. The difference 
between the sexes is particularly notice- 
able during the adult period and in fact 
is not of much consequence during child- 
hood. In terms of the diseases for which 
the sex differences are in evidence the 
females have a particularly high excess 
from respiratory, nervous, degenerative, 
and digestive diseases and rheumatism and 
related diseases. There is very little dif- 
ference between the sexes relative to ear 
and mastoid diseases and skin diseases. 
On the other hand, the males have a 
definitely higher sickness rate from ac- 
cidental causes. 

These two sets of observations made at 
different periods and on different groups 
deserve particular attention. They in- 
dicate that with the exception of accidents 


the females have after childhood as much 
or more sickness than the males. Since 
the information concerning incidence of 
the single disease entities in the persons 
surveyed is not given in sufficient detail 
to permit comparison with the clinical 
morbidity and mortality experience de- 
scribed above it cannot be determined 
whether the illnesses acquired by these 
persons during the period of observation 
are the same as those that cause death. 
If it is assumed that the factors involved 
in the sickness surveyed might also have 
brought about the fatal break-down of a 
particular organ then there would be some 
basis to conclude that the higher mortality 
of one or the other sex from the causes 
noted above is due to inferior resistance or 
recuperative power. 

SUMMARY AND DISCUSSION 

On the basis of official vital statistics 
and clinical reports some of the char- 
acteristics of the differences in the mor- 
tality and morbidity between men and 
women have been examined. As is well 
known, the males have a higher mortality 
throughout practically the whole life span 
including foetal life, or at least the latter 
part of it, as well. Demographers and 
biologists have always been aware of 
this phenomenon and among the hypoth- 
eses advanced to explain it the social and 
the narrow constitutional viewpoints rep- 
resent the two extremes. 

Considering the whole life span of man, 
it appears that the difference between the 
mortality of the males and of the females 
is greatest in early infancy, including the 
foetal period probably, decreases to a 
minimum during childhood and adoles- 
cence and increases thereafter. This trend 
suggests that the higher male mortality 
in utero and infancy results from the 
selective process of death which removes 
the weaker individuals among whom the 
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males predominate. After this elimina- 
tion, during childhood, the mortality of 
the two sexes become about equal. Sub- 
sequently, the social function of the male 
which is accompanied by greater exposure 
to risks of various sorts might at least 
partly account for the sex differences in 
later years. This may well be the basic 
pattern underlying the phenomenon under 
discussion but an inquiry into the causes 
that lead to death reveals that either in- 
sufficient knowledge of the factors which 
contribute to mortality greatly obscure 
this fundamental pattern, or else that it 
does not constitute a real explanation of 
the sex differences. From the analysis of 
the relative frequency with which the 
males and females succumb to certain dis- 
ease entities emerges a fact of the utmost 
importance to a clear understanding of 
this phenomenon. It is shown that while 
for some fatal diseases the males have a 
higher mortality, for others the females 
prevail, and for still others there is no ap- 
preciable differences between the death 
rates of the two sexes. During the foetal 
period males predominate with regard to 
deaths due to prematurity, diseases of pla- 
centa and membranes, asphyxia, prolapse 
and compression of cord, malpresentation 
and difficult labor. After birth, they have 
a higher mortality from angina pectoris, 
diseases of the coronary arteries, arterio- 
sclerosis, myocarditis, lobar pneumonia, 
pleurisy, respiratory tuberculosis, rickets, 
osteomyelitis, tuberculosis of bones and 
joints, diarrhea and enteritis, duodenal 
and stomach ulcer, cirrhosis of the liver, 
appendicitis, cancer of the buccal cavity, 
digestive tract and skin, tabes dorsalis, 
general paresis, meningitis (all forms), 
alcoholism, suicide and accidents. Fe- 
males have a higher foetal mortality from 
malformations and a higher post-natal 
death rate from whooping cough, acute 
rheumatic fever, chronic rheumatism. 


pellagra, biliary calculus, diabetes, other 
diseases of the gall-bladder and pancreas 
besides these mentioned, and exophthal- 
mic and simple goitre. For the diseases 
listed here, the greater mortality of one 
or the other sex occurs throughout the 
whole life span or throughout the age 
period when they, the diseases, occur 
primarily. The age pattern in sex differ- 
ences might therefore be explained entirely 
on the basis of the age prevalence of the 
particular disease for which a sex differ- 
ence exists. In the light of these findings 
it must be concluded that neither of the 
sexes demonstrates a general superior 
vitality but that each possesses a greater 
liability to specific and separate fatal 
conditions. 

When the available data on the mor- 
bidity of the two sexes are examined it is 
found that hospital and clinical statistics 
indicate that the prevalence of the above 
diseases, respectively, in the males and 
females corresponds to the relative inci- 
dence of the mortality. On the other 
hand, from surveys made of the general 
population it appears that on the whole 
and with the exception of accidents a 
higher sickness rate is found in the fe- 
males. One is led then to the conclusion 
that in general morbific processes, mild 
and grave, attack the females with greater 
intensity than the males. 

It is not, however, definitely known 
whether the grave morbific processes — 
those that bring about the fatal break- 
down of an organ-system — occur actually 
more frequently in the females than in the 
males. If they do, then the higher female 
mortality from the conditions specified is 
an expression of an increased exposure to 
risk, while the higher male mortality from 
the other conditions noted indicate an 
inferior degree of resistance. In this case 
it would be concluded that the females 
show a higher recuperative power. If, 
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instead, for the severe conditions the 
incidence in the males and females corre- 
sponds to that of mortality there is no 
basis to declare that one or the other sex 
has inferior resistance but the differences 
in mortality must be attributed to a differ- 
ence in liability to the disease processes, 
either due to the constitutional organiza- 
tion or to the environment or both. 

In all events it is on these fatal condi- 
tions for which a difference between the 
sexes is noted and on the possible ele- 
ments involved that the attention must be 
directed. The social behavior, differing 
as it docs between the two sexes is obvi- 
ously a factor of the utmost importance. 
Its effects on the mortality from accidents 
arc unquestionable and are also accepted 
relative to cancer of the skin. The 
peculiar social function of the male may 
probably be responsible for some of the 
excess male mortality from alcoholism 
and suicide and also from duodenal and 
stomach ulcer as well as from appendicitis 
and from acute infections such as pneu- 
monia. 

The direct influence of the structural 
and functional differences of the primary 
and secondary sex organs on the mortality 
of the two sexes is also a factor of great 
importance. Among its principal mani- 
festations are, of course, the morbidity 
and mortality associated with pregnancy. 
In addition, the liability to certain urinary 
diseases is also associated with the shape 
of the genitalia. Another manifestation 
of the differences in mortality between the 
males and females that can be attributed to 
the differences in the function of the sex 
organs is probably the higher fatality of 
the females from diseases of the thyroid 
and other endocrine glands, all of which 
arc intimately related to the gonads. 
In this respect, the well-known effects 
of sex hormones on the experimental pro- 
duction of mammary cancer need not be 


emphasized. Even more significant when 
completely confirmed arc the observations 
recently reported by Campbell (1939) con- 
cerning sex hormones and infections. 
Ordinarily, the degree of infection by 
Cysticercus crassicollis is in the female rats 
from 60 to 80 percent of that found in the 
males. By injecting theclin Campbell 
apparently increased the resistance of the 
male to equal that of the female, while in 
the latter no change was noted, on the 
average. The results were reversed when 
testosterone propionate was administered 
to rats of the two sexes. 

Finally, between the males and females, 
there is the clement of difference which is 
the resultant of their respective and dis- 
tinctive constitutions, and is expressed by 
diversity in rate of metabolism, as Riddle 
(1931) has repeatedly shown and empha- 
sized, and in rate and pattern of organic 
growth. The fact, as has been pointed 
out above, that in certain instances dis- 
eases of different etiology but causing a 
break-down of the same organ all tend to 
have the same type of sex difference, i.c. 
either a higher or a lower masculinity, 
suggest that the developmental factor 
may play a more important part than is 
generally recognized, particularly in rela- 
tion to heart disease. One is encouraged 
in such a view by the results of the in- 
vestigation of Klein and Palmer (1938) on 
the differences in the rate of dental caries 
among boys and girls. These authors 
found that at equal chronological ages 
girls experience more dental caries than 
boys. On the other hand, the eruption of 
permanent teeth also occurs earlier in girls 
so that the authors were moved to inquire 
whether at equal tooth age girls still have 
a higher caries rate. When the caries 
rate was actually computed in this fashion, 
no appreciable diversity in caries incidence 
would be detected between the boys and 
girls. Therefore, the authors conclude 
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that the girls have an apparently higher 
caries rate simply because their teeth have 
a longer exposure to risk. Bearing on this 
point it should be recalled that the growth 
of the majority of organs proceeds at a 
rate and with characteristics that are not 
the same in males and females, and that 
this is a phenomenon limited not only to 
man. 

In conclusion, the fact that the males 
and females — two groups of individuals 
who in general differ in somatic as well 
as in physiological attributes — exhibit 
diverse reactions to pathogenic conditions 
not because of one but for a variety of 
reasons opens the way to investigate in a 


comprehensive manner the fundamental 
factors responsible for the individual 
variation in susceptibility and resistance to 
pathogenic processes. Since in other ani- 
mals besides man sex differences in mor- 
tality are to be observed and since for 
other animals also there exist behavioristic 
as well as physiological diversities be- 
tween the males and females, it would 
seem that a deeper study of the sex differ- 
ences in mortality and morbidity ap- 
proached either through animal or human 
biology would serve to contribute a more 
precise evaluation of the fundamental 
factors involved in health and disease. 
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MENSTRUAL PROHIBITIONS 
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T he conception of the nature of 
menstruation and the prohibi- 
tions which are usually associ- 
ated with it are remarkably 
similar in almost all human groups. 
Whether this may be taken as yet another 
illustration of the uniformity of the 
human mind, or alternatively, as evidence 
of a complex of beliefs having some com- 
mon cultural origin, it is unnecessary to 
inquire here. Briefly, the menstrual dis- 
charge is most generally conceived to be a 
peculiarly noxious effluvium which auto- 
matically renders everything unclean with 
which it comes into contact. That being 
so, the female during her catamenial flow 
is considered to be herself unclean and as 
noxious as the effluvium itself. She is 
therefore usually segregated until the 
cessation of the catamenia or until some 
prescribed time following its termination, 
whenafter she customarily undergoes a 
ritual cleansing or purgation, following 
which she may once more resume a normal 
social life among her people. Anything 
she may have touched during the cata- 
menia must either be destroyed or puri- 
fied. Detailed discussions of the folk- 
loristic and related aspects of this subject 
are to be found in the works of Briffault 
(7), Ellis (13), Fraaer (19), L6vy-Bruhl 
(34), Floss, Bartels, and Bartels (45), 
and Westermarck (57). In The Old Testa- 
ment may be found the type expression of 
these beliefs and practises. One may here 
recall the first verse from LevitkuSt 


Chapter 15, Verses 19 to 33: “And if a 
woman have an issue, and her issue in her 
flesh be blood, she shall be put apart 
seven days: and whosoever toucheth her 
shall be unclean until the even.’* (33). 

An old rhyme puts this viewpoint very 
neatly: 

“Ohl menstruating woman, thou'rt a fiend 
From which all nature should be closely 
screened." 

This charming rhyme is quoted without 
statement of source in a work by Milne 
(41). It would be of some interest to 
know its origin. 

In The Natural History Pliny (44) in- 
terestingly presents the Roman viewpoint. 
He writes: 

It would indeed be a difficult matter to find any- 
thing which is productive of more marvelous effects 
than the menstrual discharge. On the approach of 
a woman in this state must will become sour, seeds 
which are touched by her become sterile, grafts wither 
away, garden plants are parched up, and the fruit will 
fall from the tree beneath which she sits. Her very 
look, even, will dim the brightness of mirrors, blunt 
the edge of steel, and take away the polish from ivory. 
A swarm of bees, if looked upon by her, will die 
immediately; brass and iron will instantly become 
rusty, and emit an offensive odour; while dogs which 
may have tasted of the matter so discharged are 
seized with madness, and their bite is venomous and 
incurable. 

Elsewhere in the same work Pliny (44) 
repeats what he terms the “ravings”, 
and which we may term the superstitions, 
of his age “of a most dreadful and un- 
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ttCterable nature" relating to the remedial 
and miraculous effects of which the men- 
strual discharge was supposed to be cap- 
able. 

These, indeed, are for the most part 
nothing but ravings, and we need not con- 
sider them here except to say that a large 
number of the beliefs that Pliny describes 
may be found still persisting today in 
many parts of Europe as well as in many 
other regions of the world. An extremely 
large number of superstitions are asso- 
ciated with menstruation, and one of the 
most deeply entrenched of these which has 
for many generations enjoyed the status 
of a demonstrated truth, namely, the rela- 
tion of the catamenia to the lunar cycle, 
has only very recently been shown, by 
Gunn et al. (13), to be totally without 
foundation. This demonstration, it may 
be added, being successfully carried out in 
spite of the elaborate theory of Gerson 
(zi), an over-enthusiastic psychoanalytic 
writer, that menstruation probably be- 
came established as a biologico-lunar 
function as a consequence of the sport 
indulged in by primitive man of hunting 
his females on moonlit nights. The 
resulting anticipatory uterine hyperemia 
of the female over the course of many 
such moonlit nights, Gerson suggested, 
eventually developing into the overt 
bleeding of menstruation I 

One of the oldest beliefs concerning 
menstruation is that the touch of a men- 
struous woman is capable of causing flow- 
ers and other plants to wilt and wither, 
preserves of every sort to spoil, dough to 
fail to rise, seeds to become sterile, meat 
to decompose, and so on. In many parts 
of Europe menstruous women arc excluded 
from certain occupations. In the great 
French perfumeries, for example, women 
are not permitted to work during the time 
of their menstruation; nor are they 
allowed to pick mushrooms in those 


regions in which their growth is a profit- 
able industry. In the south of France at 
such times they are not allowed to tend 
silkworms, and in the various wine dis- 
tricts of France and also of the Rhine 
women are debarred from approaching or 
handling the vessels in which fermenta- 
tion takes place for the reason that 
should their courses begin, fermentation 
would be accelerated and the wine spoilt. 
For similar reasons, according to Laurent 
(31), women arc excluded from the sugar 
refineries of northern France. The pro- 
hibition with respect to the handling of 
wine is incidentally clearly stated in the 
Talmud QAidrasb Wayyiqrd) in the talc of 
Rabbi Gamlicl and the maid-servant 
Fabritha. In this connexion the subject 
is discussed by Wiinschc (5 9), and referred 
to by Spivak (54). 

That women arc physiologically in a 
peculiar state during the catamenia must 
have been fairly obvious from the earliest 
times; apart from the subjective evidences 
apparent to the woman herself, there arc 
the important occasional mental dis- 
turbances, the so-called menstrual psy- 
choses. There is some evidence that 
these mental disturbances have played a 
significant part in determining particular 
cultural viewpoints relating to the men- 
struous woman. Vidoni (56), for ex- 
ample, reports the record of a mediaeval 
Council which actually met to discuss the 
question as to whether or not a woman 
was to be held responsible for her actions 
during the catamenia. Tuttle (55) has 
experimentally shown that women un- 
dergo significant changes in irritability 
during menstruation. Novak (43), who 
has reviewed the evidence, points out that 
epileptiform states have frequently been 
found to coincide with or even to replace 
the catamenia. The association of men- 
struation with certain forms of hysteria 
is clinically well known. This associa- 
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tion is, of course, of considerable interest 
in our present connexion, and it may be 
recalled that the ancient belief that 
hysteria originated in some affection of the 
womb is epitomised in the very word 
hysferia^ which is derived from the Greek 
word for womb, namely hcrtpa* Malo- 
dorous breath, increase in amount of sweat 
and its odour, skin eruptions of various 
kinds, respiratory disorders, among many 
other conditions which one may find 
reviewed in such a standard gynecological 
treatise as that by Graves (ii), represent 
some of the well-known changes which 
occur during the menstrual period. Such 
conditions form a good foundation for 
believing almost anything of the men- 
struous woman, and would certainly lend 
some support to the suggestion that at 
such times she is capable of exerting a 
noxious influence upon the objects with 
which she comes into physical contact. 
The changes which occur within the 
female during menstruation are not by any 
means fully understood, but recently 
Bartelmez (4) in an admirable paper, 
which inspired the present paper, has 
reviewed some of the physiological the- 
ories and investigations relating to the 
alleged effects of menstruous women upon 
various living tissues. Bartlemez appears 
to have been the first scientist to have 
taken this matter seriously enough to 
make an attempt to bring the relevant 
evidence together. Unquestionably many 
of the conditions attributed to the men- 
strual woman are purely mythological, 
but the important point is that some of 
them are not, and it is not always easy to 
disentangle the true from the false. 
Something of the difliculty is illustrated 
by a recent experience of the present writer 
who, during his inquiries into this subject, 
was independently informed by a number 
of cultured women that many “beauti- 
cians** advise against a visit to the beauty 


shop during the menstrual period, be- 
cause during that period a so-called per- 
manent hair-wave will not *take* as well 
as during the intermenstrual period. 
Satisfactory confirmation of this view 
could not he obtained from several beauti- 
cians consulted upon this matter. None- 
theless, it is quite possible that there may 
be a modicum of truth in the statements 
obtained from the clients of beauticians. 
It is well known that the bio-electric 
potential of the body differs from the 
normal conditions during menstruation, 
as recently shown by Burr and Musselman 
(8), and this, in some way, may possibly 
be related to the alleged menstrual hair- 
wave phenomenon. It is a subject which 
would bear investigation. However this 
may be, the supporting evidence for the 
belief in the menstruous woman*s capacity 
for producing noxious effects upon living 
tissues is by no means contemptible, and 
in popular superstition, as well as in 
industrial centers in many places, the 
belief is, as we have already seen, solidly 
entrenched. Thus far these beliefs have 
enjoyed no more status than that which is 
usually granted to any folkloristic belief 
by those who are said to know better, 
but within recent years a gradually in- 
creasing body of experimentally con- 
trolled evidence has become available 
which renders it highly probable that 
there is actually a physiological basis, a 
foundation in fact, for these beliefs, and 
it has even been suggested by Macht and 
Davis (37) that such findings may explain 
the origin of the menstrual superstitions 
and prohibitions of primitive peoples. 
It is this latter possibility which it is 
proposed briefly to examine in this paper. 
Before doing so it is necessary to give an 
account of the kind of evidence which 
would appear to prove that menstruous 
women are capable of exerting some, at 
least, of the noxious effects which popular 
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superstition has for so long attributed to 
them. 

It was not until as late as 1920 that 
Schick (51) first succeeded in arousing 
some scientific interest in these matters. 
Schick noted that various kinds of freshly 
cut flowers will wilt in anything from 10 
to 20 minutes after handling by certain 
women during the first two days of the 
catamenia. Having found that the men- 
strual discharge itself exerts the same 
effect he postulated the excretion of a 
menstrual toxin or *‘menotoxin" during 
menstruation. In addition he found that 
systemic blood and axillary sweat during 
menstruation were more toxic to blossoms 
and retarded the growth of yeast more 
appreciably than at other times. Soon 
after Frank (18) confirmed this by placing 
flowers in a solution of menstruous 
woman's milk, and observed that the 
flowers wilted significantly earlier than 
flowers placed in a solution of non- 
menstruous woman’s milk. This in- 
vestigator very, pertinently cited the 
prevalence of various disturbances in 
infants during suckling by a menstruous 
woman, a fact confirmed by the observa- 
tions of Fracnkcl (17), Silber (53), 
Elta (14), and Borsarelli (6) among others. 
The idea of the existence of a menotoxin 
has found support among many clinicians 
for the reason, among others, as Aschner 
(1, x) has pointed out, that during 
menstruation every organ of the body may 
be disturbed and every existing pathologi- 
cal or abnormal condition exacerbated. 
Ssinger (50) was unable to confirm Schick’s 
findings, but he is thus far the only in- 
vestigator who has failed to do so. 
Levinson (31) has found that menstrual 
serum when injected into guinea pigs is 
more toxic in its effects than normal hu- 
man serum. Macht and Lubin (38) 
obtained similar results for Paramteia^ 
trypanosomes, and goldfish. Sieburg and 


Patzschke (5x) have observed slowing of 
the frog’s heart beat and an increase in 
the intestinal tone of the rabbit when ex- 
posed to the axillary sweat of menstruous 
women. These investigators consider the 
active agent to be choline. Labhardt 
(19) using the same methods reports 
much greater variability, incidentally 
finding the sweat of some men as potent 
as that of any menstruous woman! 
Polano and Diet! (46) find that the growth 
of yeast may be retarded or accelerated 
after being kneaded by menstruous wo- 
men. They suggest that cyclic fluctua- 
tions in the traces of choline and creatinine 
excreted in the sweat from the finger tips 
is the responsible agent. It is of interest 
to recall here that in the course of a dis- 
cussion, which took place in the pages of 
The British Medical Journal in 1878, con- 
cerning the alleged deleterious effects 
exerted by menstruating women on the 
cure of meat, one correspondent, R. B. F., 
made a similar suggestion, offering as an 
explanation for the phenomenon "the 
moisture that is on the hands and body 
during the catamenial period” (15), a 
suggestion which, in the same issue of 
the journal, was treated with derision by 
the editorial writer. Both Novak (43) 
and Briffault (7) quote this discussion as 
exemplifying the persistence of such 
superstitions ‘even’ among medical men. 
It may be so, but as Hull (i6) has re- 
marked “The superstitions of today were 
the serious beliefs of yesterday, and as 
such they demand from us both study and 
respect.” Klaus (x7) by gravimetric de- 
terminations of choline in sweat by the 
platinic chloride method computes that 
3IX mgm. of choline per liter occurs in 
menstrual or immediately pre-menstrual 
women as compared with 6.5 mgm. in 
intcrmenstrual women, and only a trace 
in men. Later Klaus (x8) sought, but 
failed, to find choline in the discharge 
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itself. The odour of the discharge, how* 
ever, indicates trimethylamine, and tests 
for it during menstruation, and also it may 
be noted during the intermenstruum, are 
positive. Klaus suggests that choline 
eliminated during menstruation is broken 
down into trimethylamine or a similar 
substance. In this connexion it is of 
great interest to recall here that as long 
ago as 1901 Michin (41) had already 
shown that in normal women the quantity 
of trimethylamine varied between 0.07 
per cent to 0.72. per cent with a mean of 
0.33 per cent. In women with various 
genito-urinary disorders the range was 
from 0.00 to 0.64 per cent. Michin very 
significantly found that trimethylamine 
was altogether absent from the secretions 
in post-climacteric women, and moreover 
that it was strongly bactericidal as well 
as tumor-activating in its action. The 
present writer has elsewhere given a brief 
account (3) of Michin’s findings. Czapek 
(ii) has shown that trimethylamine ac- 
cumulates in the sexual organs of many 
plants and animals; and quite recently 
Havas has demonstrated the sex- 

hormone like properties of trimethyl- 
amine, as well as its bactericidal and 
tumor stimulating properties. Sieburg 
and Patschke (51) found that choline had 
no demonstrable effect upon cut flowers, 
and Macht and Lubin (38) similarly 
found that choline was not very toxic for 
various plants. Klaus (i8) failed to 
find evidences of choline in the discharge 
itself, and Cattaneo (9) failed to find any 
traces of this substance in the human uteri 
examined by him. On the other hand 
L&nczos (30) has found that a preparation 
of frog’s gastrocnemius muscle loses ex- 
citability when either the nerve or the 
muscle is held by a menstruous woman for 
10 or 15 minutes, and that dilute solutions 
of trimethylamine have the same cflFect. 
Macht and Lubin (38) believe menotoxin 


to be an oxycholesterol. These investiga- 
tors found that blood serum, blood cor- 
puscles, saliva, sweat, milk, tears, and 
urine of menstruous women produce in- 
hibition of fermentation by yeast; that 
the mere handling of yeast by a menstru- 
ous woman is suflicient to produce whole- 
sale destruction of these microscopic 
plants. They found also that these sub- 
stances produce retardative and toxic 
eflfects in Paramecia and trypanosomes, 
causing withering of freshly cut flowers, 
inhibiting the geotropic properties of 
lupine seedlings, inhibiting protoplasmic 
streaming of certain plant cells, and gen-, 
erally producing a depressant effect upon 
plant and animal tissues. Macht and his 
various co-workers (35, 36, 37, 38) have 
repeatedly confirmed these ^dings in a 
number of studies, and these have for the 
most part been confirmed by a large num- 
ber of other investigators. Bohmer (5) 
has obtained similar results by the use of 
the same methods and has found that simi- 
lar toxic effects arc produced by the 
menstrual discharge when the vulval 
secretions arc included. Dogliotti (ii) 
using the discharge obtained directly from 
the uterus failed to observe any effects on 
frog’s heart or neuromuscular prepara- 
tions or on arterial pressure in the dog. 
Mandelstamm and his co-workers (39) 
using the phytotoxic method found no 
evidence of retardation of growth of 
seedlings by menstrual discharge removed 
from the uterus, by blood, or blood scrum, 
but they did obtain a slight effect by 
using the vulval discharge. Macht (35} 
found that menstrual serum delayed the 
coagulation time of dog’s and human 
blood, and the same investigator (36) by 
means of a special method devised by him, 
a method which yields a phytotoxic 
index (i.c., the ratio of the growth of the 
roots of Lupinus albus seedlings immersed 
in a solution containing the unknown 
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menotoxic factor to the growth of the 
roots of the untreated controls), has 
shown that normal blood sera (derived 
from * 'several thousand" samples) in i 
per cent solution yields an average phyto- 
toxic index of 75 per cent — complete 
theoretical atoxicity being taken as equal 
to an index of 100 per cent. Menstrual 
blood sera yields the high phytotoxic 
index of 51 per cent, an index which for 
toxicity is so far as is at present known 
exceeded only by the blo^ sera of the 
grave diseases such as pernicious anaemia, 
leprosy, and trachoma, with phytotoxic 
indices respectively of 44, 47, and 48 per 
cent. Meyran and Nothaas (40) have 
shown that any blood serum has an in- 
hibitory effect on lupine seedlings, and 
observed a significant retardation from 
the blood only of 4 out of X3 menstruating 
women. Such a finding suggests the 
existence of significant variations as be- 
tween different individuals. Freeman and 
Looney (10) have been unable to find any 
significant difference in the degrees of 
toxicity of menstrual and intermenstrual 
blood; the phy to toxic indices obtained 
by them on xx normal women being respec- 
tively 53.x and 53.9 per cent. Fleckner 
(i6) has found that systemic blood will 
produce the same effect upon plants as 
menstrual discharge when added to the 
nutrient solution in which they arc grow- 
ing. He also finds that the discharge 
like the blood when added to the water 
used on plants growing in earth serves 
simply as manure. Among the most 
significant studies thus far carried out on 
the effects of menstrual discharge and 
saliva is that of the botanist Christiansen 
(10) who found that menstrual discharge 
from cervix uteri and vagina produced 
either retardation or acceleration of 
growth in yeast and also in the bacteria 
producing coagulation of milk. Chris- 
tiansen also found that saliva from a 


menstruous woman invariably inhibited 
fermentation. Important seasonal vari- 
ations were observed in the effects pro- 
duced by the menstrual discharge. In- 
terestingly enough Christiansen found 
that an emanation from the menstrual 
discharge was capable both of killing and 
inhibiting the growth of yeast cells at a 
distance, and he suggests that this effect 
may be due to the action of mitogenetic 
rays. Rahn and Barnes (48) have re- 
peated and confirmed Christiansen's work, 
and emphasize the probable r 61 e played 
by mitogenetic rays in the production of 
the observed effects. Rahn (47) has dis^ 
cussed this subject in some detail in a 
later work. Rahn and Barnes (49) found 
that oxycholesterol killed yeast cells 
through quartz, but Macht and Davis 
(37) were unable to obtain any effect on 
Lupinus albus seedlings when a menstruous 
woman’s hand contained in a quartz 
vessel was immersed in the nutrient solu- 
tion; the unprotected hand, however, 
when immersed in the solution for only a 
few minutes produced a definite inhibitory 
effect. 

Without here entering into any discus- 
sion of the nature of the substance which is 
secreted by women during menstruation, 
and which may be the responsible agent 
in producing the effects upon living tissues 
described above, it may be said that the 
evidence strongly points to an alkylaminc, 
most probably trimethylamine. It has 
long been popularly recognized that the 
characteristic odour emanating from the 
female vagina and that which arises from 
decomposing fish bear a great similarity 
to one another; but while the odour of 
decomposing fish has long been known to 
be due to trimethylamine the origin of 
the odour emanating from the human 
vagina has remained undetermined. 
Woodward and Alsberg (58) point out 
that the volatile alkylamines which occur 
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in foodstuffs may in most instances be 
taken as an index of decomposition. 
Hanna et al. (14) have shown that the 
stinking smut of wheat — ^which has an 
odour identical with that which emanates 
from the human vagina — is due to tri- 
methylamine. In view of the demon- 
strated effects of trimethylamine described 
above upon various tissues, it seems 
reasonably probable that the substance 
secreted by menstruous women which is 
responsible for the effects described is 
either trimethylamine or else a substance 
the decomposition product of which is 
trimethylamine. 

In any event, the experimental evidence 
cited in this paper is sufficient to show that 
menstruous women are capable of exerting 
a noxious effect upon various living 
things with which they may come into 
contact. The question we now have to 
consider is what possible bearing such 
facts can have upon the origin of the 
prohibitions which are almost universally 
associated with menstruation. The sug- 
gestion is that at some period in the 
history of human society it was noted 
that certain deleterious changes produced 
in living things were associated with the 
presence of menstruous women, and that 
the inference was drawn that women in 
their periods were responsible for these 
undesirable effects; consequently in order 
to prevent such effects from occurring a 
prohibition was put upon women during 
their menstrual periods. This observa- 
tion may have been made once or in- 
dependently by different groups at differ- 
ent times. Primitive man is an extremely 
good observer, so that on the score of his 
observational powers alone the observa- 
tion of such a relationship is by no means 
inconceivable, and though he may sub- 
sequently come to attribute the noxious 
effects of the menstruous woman to the 
operation of supernatural or magical 


factors, that would not detract one whit 
from his ability to perceive the existence 
of a significant relationship and a neces- 
sary association. 

There is a danger in this kind of reason- 
ing which we must be careful to avoid — it 
is the danger of intellectualiaation. 
Twentieth century science appears at last 
to have discovered that menstruous 
women excrete substances which are 
capable of exerting a harmful effect upon 
living tissues of certain kinds. Primitive 
man has believed that women are so 
capable for countless centuries. Science, 
as the result of experimental investigation, 
attributes the capacity to the operation 
of certain chemical and physiological 
factors — primitive man to the operation 
of supernatural or magical ones. 

The only question which we have to 
consider is whether the menstrual pro- 
hibitions of primitive man are based upon 
an observed relationship not clearly under- 
stood but about which a great explanatory 
edifice of myths and magical beliefs have 
been erected, or whether the menstrual 
prohibitions have their origin in an 
irrational or supernatural conception of 
the nature of menstruation quite apart 
from any observed relationship between 
an apparent cause and a necessary effect. 

To such a question, or questions, it is 
clearly impossible to return a definite 
answer since it is historically quite im- 
possible to know what actually generated 
a group of beliefs of this kind in the 
various parts of the world in which we 
find them. The same kinds of prohibi- 
tions and practises may have had numer- 
ous independent origins in different human 
groups, or they may have had but few, or 
even a single one. We do not know, and 
the present beliefs of primitive peoples 
relating to menstruation do not afford us 
much assistance in this connexion. The 
suggestion that these prohibitions origi- 
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juted in the recognition of an observed 
relationship similar to that which scien- 
tific investigation has recently proven to 
hold good can neither be proven nor 
disproven, nor can any evaluation of 
probability be made in respect of it. It 
must remain what it is — an interesting 
suggestion. 

In favour of this suggestion there is this 
to be said: In most primitive human 
groups of which we have any knowledge 
the gathering of food and the practise of 
elementary agricultural processes are ac- 
tivities which more often than not are 
restricted to women. Such an association 
provides a favourable set of conditions 
for an observation such as Schick (51) was 
able to make in connexion with the 
freshly cut flowers that were handled by 
the menstruous women in his office. It 
requires to be pointed out that food- 
gathering and agricultural peoples live 
under conditions which necessitate close 
attention to, and observation of, every 
aspect of these most important of eco- 
nomic activities. These are matters upon 
which their very lives depend, and about 
which, for the most part, their lives re- 


volve; hence, it is by no means incon- 
ceivable that such an observation as that 
menstruous women exert a detrimental 
efl!ect upon the growth of various plants 
was at some time in some human group or 
groups made, and this in turn made the 
basis of the menstrual prohibitions. But 
this is a pure speculation. 

SUMMARY 

The experimental evidence for the sug- 
gestion that menstruous women arc cap- 
able of exerting a deleterious effect upon 
living tissues is surveyed with special 
reference to the origins of the menstrual 
prohibitions. 

It would appear that menstruous women 
are capable of exerting noxious effects 
upon many living tissues. 

The indications arc that a substance, 
excreted through the hands during men- 
struation, is the agent responsible. The 
evidence points to an alkylaminc, prob- 
ably trimcthylaminc. 

The possible physiological origin of the 
menstrual prohibitions is discussed, and 
it is shown that definite conclusions in 
this connexion arc impossible. 
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BEGINNING A NEW INVERTEBRATE 
ZOOLOGY 

Being a review of The Invertebrates, Pro- 
tozoa through Ctenophora by Libbie Henri- 
etta Hyman. New York and London 
(McGraw-Hill Book Company), 1940. 
Pp. xii -f 716. $7.00. 

By ihomas Park, Hull Zoological Laboratory, 
The University of Chicago, 

Invertebrate zoology is a field so vast, so 
pregnant with interesting problems and so 
poorly synthesized in a critical sense that 
the appearance of an initial volume of a 
series on this subject demands careful scru- 
tiny. The zoologists have been hard 
pressed to get coordinated, yet recent, in- 
formation about the invertebrate phyla. 
In fact, they still find it imperative to con- 
sult such aignified but pristine stand-bys 
as the Cambridge Natural History (1895- 
1909); Lankester*s never-completed Trea- 
tise (1900--1909), and Bronn’s Klassen und 
Ordnungen des Tierreichs (1880 — Of later 
ears such books as Kiikenthal-Krum- 
ach’s Handbuch der Zoologie (iw — ) and 
several others have been available. But 
the American and British biologist needs a 
treatment in English that will be contem- 
porary, authoritative, well-documented 
and in good prose. Judging from the first 
volume. Dr. Hyman's The Invertebrates 
(1940) will ful^l these desiderata and 
thereby come to occupy a unique position 
on biological bookshelves. The first vol- 
ume is a beginning. The author, after 


presenting certain general concepts of mor- 
phology, develops and defends a schema of 
classification ana phylogeny and then pro- 
ceeds to discuss in detail, and with mature 
appreciation of their variability, the Pro- 
tozoa, Mesozoa, Porifera, Cniaaria (Coel- 
enterata) and Ctenophora. This book 
would appear of enough importance to 
warrant special mention in these columns. 

Although Chapter II (Classification) oc- 
cupies only 11 pages of the total 716, 
nevertheless it will be of great interest to 
the zoologist. Here, Hyman reviews his- 
torically the principal classificatory sys- 
tems of earlier workers and, from this 
background, weaves her own pattern of 
arrangement. Some of the features of this 
pattern can be seen in Figure i which is a 
copy of a phylogenetic tree sponsored by 
Hyman. Study of this diagram brings out 
a series of interesting points. 

Phtloobnbtic Relationships of Animal Phyla 
According to the Views op Hyman 

I. Hyman is concerned with three im- 
portant categories of animals: the ‘Acel- 
lular’* forms or Protozoa; the “Radiata” 
or Coelenterates and Ctenophores, and the 
’’Bilateria” or bilateral animals. 

1. The flagellate protozoa are considered 
ancestral to other protozoa, sponges and a 
planula-like metazoan. Presumably, the 
flagellates also serve as a link connecting 
animals with plants. This treatment of 
the Protozoa will indubitably find wel- 
come support although certain zoologists 
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will quarrel with the implication of the 
term ^‘acellular** when used in this con- 
nection. 

3. The planula is placed in an important 
phylogenetic position as an early metazoan 
prototype presumably of a ^astrula-like 
level of differentiation. This view has 
found corroboration recently in the careful 
analyses of Snodgrass (1938, Evolution of 
the Annelida^ Onychophora^ and Arthropodd). 

4. From the planula two major lines of 
evolution originate. One line moves to- 


are those bilateral animals in which 
the blastopore becomes the mouth; 
the mesoderm originates from embry- 
onic pole cells or masses, and (c) the cleav- 
age is of the determinate type. The Deu- 
terostomia are those bilateral animals in 
which (a) the mouth in a new formation; 
(b) the mesoderm originates as pouch-like 
evaginations of the gut wall, and (c) the 
cleav^e is of the indeterminate type. 

6. Tlie Protostomia are broken down 
further on the basis of the origin and struc- 
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wards a primitive medusa and culminates 
in the Radiata. The other line develops 
towards a bilateral metazoan that Hyman 
views as a primitive flatworm lacking, of 
course, a body cavity. 

5. llie bilateral animals are treated in a 
di-phyletic manner. The group is di- 
chotomized into the Protostomia and the 
Deuterostomia. This follows the pro- 
posals of a number of earlier investigators; 
particularly the Germans, Goette ^1901), 
k. C. Schneider (1901), Grobben (1908) 
and Hatschek (1911). The Protostomia 


turc of the body cavity. Thus, Hyman 
recognizes those forms with no coelom 
(Acoelomate); those whose body cavity is 
a remnant of the embryonic blastocoel 
(Pseudocoelomate), and those which have 
a body cavity arising as a space (dclamina- 
tion) in the mesoderm (Schizocoela). The 
chart suggests that the flatworms and 
nemertean worms are partners in a com- 
mon origin, namely, a primitive flatworm 
stock. Another line ot evolution has led 
to a diverse pseudocoelomate group the 
Aschelminthes (Rotifera, Gastrotricha, 
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Kioorhyncha, Nematoda, Nematomorpha 
and Acanthocephala) and the Entoprocta. 
The splitting of the latter from the Ecto- 

S rocta (Bryozoa or Polyzoa) is an excellent 
ecision. The schizococls arc truly coclo- 
mate and consist of those forms that have 
evolved from some type of trochophorc- 
like larva. This assumes that the trocho- 

E horcs, wherever found, arc fundamentally 
omologous stages and thus do not repre- 
sent convergent or cacnogcnctic evolu- 
tions. As with all earlier authors, Hyman 
has difficulty in evaluating the Brachio- 
pods. She nnally places them with the 
trochophorc-protostomia. This is merely 
a concession since, as she recognizes, they 
have a coelom that arises as an outpocket- 
ing of the archcntcron (cntcrococlous). 

7. The Dcutcrostomia probably also 
originated from primitive flatworms al- 
though the evidence for this view lacks 
cogency. On the basis primarily of cchi- 
noderm cmb^ology and the morphologic 
similarities (homologies?) between cchi- 
noderm and Tornaria larvae, Hyman con- 
ceives of the hypothetical “Diplcurula” 
larva as a bilateral, enterocoelous proto- 
type of the Echinodermata and Hcmichor- 
data. Again, this is not a radical depar- 
ture from a great deal of current opinion. 

8. In sum, it would appear that Hy- 
man’s phyletic treatment is about as good 
a historical document as can be assembled 
at the moment. It fits a series of corre- 
lated facts fairly well and has the virtue of 
relative simplicity. Patently, any such 
device is replete with many scientific pit- 
falls. This is a point recognized by all 
careful zoologists. In fact, from a meth- 
odological aspect such efforts even may 
not fall into the category of science. De- 
spite all this, most zoologists find a certain 
amount of phylogenetic speculation en- 
tertaining ana useful mental falderal. 
Snodgrass puts it neatly when he says, 
“. . . Every biologist must have a work- 
ing creed of phylogeny, but he should not 
too implicitly believe its tenets.” 

In this review a disproportionate 
amount of time has been put purposely on 
phylogeny. Hyman passes through this 
discussion with economy and dispatch. 
The pragmatic value of the book lies in 
its excellent treatment of the Protozoa, 
Mesozoa, Porifera, G)elenterata and 


Ctenophora. Happily, the type method 
of presentation has been eschewed. Thus 
the reader learns that there is more to the 
protozoa than Amoeba and Paramecium and 
to the Coelenterata than Hydra and Obelia. 

In the actual presentation each phylum 
is given a chapter consisting of the follow- 
ing material: Characters of the phylum; 
Classification of the phylum; General mor- 
phology and physiology; a detailed treat- 
ment of each class; General and phylo- 
genetic considerations, and a superlative 
Bibliography arranged primarily according 
to major systematic categories. Under 
phylum characters Hyman first reviews 
certain highlights that stand out in the 
historical development of knowledge 
about the group. This is followed by a 
definition of the phylum as a natural bio- 
logical population. The section on classi- 
fication deals with taxonomic categories of 
the rank of sub-order or above. This 
treatment is more than a mere roster of 
names since diagnostic features are given 
for each name presented. This can be 
illustrated by an example chosen at ran- 
dom among the Anthozoa: 

Ordtr /. Gorgonacea, the horny corals, gorgonians, 
sea fans, sea feathers, etc. With an axial skeleton of 
calacreous specules, or of gorgonin, or of both; polyps 
short, equivalent, rarely dimorphic, borne on the 
sides of the skeletal axis, not reaching the base. 

Cp. 371) 

Throughout the book Hyman has treated 
all questions of terminology rigorously. 
If the preface she says, 

... I have made an earnest effort to bring order and 
clarity into the confusion of zoological terminology; 
to define each term precisely and to adhere to that 
definition; and to eliminate homonyms. ... I have 
not hesitated to drop established terms when they 
appeared to me inept or confusing and have boldly 
coined new terms when these seemed to be badly 
needed. 

In the general morphology and physi- 
ology sections a clear picture is developed 
of the biological constitution of each phy- 
lum. Within the limitations of present 
knowledge, the reader gets a good insight 
into just what constitutes a protozoan or 
a cnidarian and how such forms carry on 
many basic operations. There is also some 
information about special problems such 
as encystment, regeneration and genetics 
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for the Protozoa; regeneration and the 
problem of individuality for the sponges; 
nematocvst activity and metagenesis for 
the Coelenterata, and so on. The same 
mode of attack, on a more detailed plane, 
is followed in the discussion of each class. 
The phylogenetic material is a useful sum- 
mary of intra-phylum relationships. 

From the technical aspect the book is 
well prepared on the whole. The type is 
readable and the binding is good. There 
are X2.i carefully selected figures that illus- 
trate points made in the text. The book 
has a good subject index but lacks an 
author index. It is unfortunate indeed 
that the latter was omitted for it would 
have been highly useful to the reader and 
student. As in any undertaking of this 
magnitude certain errors and omissions 


have crept in. But they are trifling and it 
would be pedantic to enumerate them here. 

A first-rate reference text gives the dis- 
criminating reader the feeling that the 
author (i) knows, and has made good use 
of, original literature sources; (x) is thor- 
oughly familiar with much of the actual 
material, and (3) has thought about the 
subject matter with trenchant perspective. 
It is a pleasure to report that books of this 
calibre on various phases of invertebrate 
zoology are increasing. The past few 
years have produced such scholarly efforts 
as Principles of Insect Morphology (Snod- 
grass; 193 s) and Principles of Insect Physi- 
ology (Wigglesworth; 1939). Hyman’s, 
The Invertmates (first volume) takes its 
place along with these. Zoologists will 
await impatiently Book II of the projected 
series. 


BRIEF NOTICES 


EVOLUTION 

Thoughts on Evolution. Ill, Evolution 
and the Primitive, Anthropological Series of 
the Boston College Graduate School, Vol, IV, 
No, i. 

By Joseph J, Williams, S.J, Boston Col- 
lege Press, Chestnut Hill, Mass, $1.00. 

9f X 6i; 64; 1939 (paper). 

In this study the author considers evolu- 
tionary theories which have been proposed 
on the origin of man and the origin of 
monotheistic religion as related to the dim 
past of Homo sapiens. He sets forth the 
theories of well-Icnown scientists and calls 
attention to the many contradictory rea- 
sonings contained therein. The author’s 
object is to 

determine whether a careful analysi3 of the facts col- 
lected show that there has been within historic times 
an evolutionary influence or a decadent one, directing 
the affairs, religious and otherwise, of the so-called 
Primitives of Anica, and in consequence to esublish 
whether the theories built up by Evolutionists on 
their present culture are founded on objective evidence 
or solely on subjective preconceptions. 

A second article is a pictorial and word 
description of the flint artifacts of the 
L’Abri Bergy site, of which a general 
description was given in the April issue of 
the Anthropological Series, 


Leaves and Stems from Fossil Forests. 
A Handbook of the Paleobotanical Collections 
in the Illinois State Museum, Popular Sci- 
ence Series Vol, I, 

By Raymond E. Janssen, Illinois State 

Museum, Springfield, III, $i.X5. 9! x 
190; 1939 (paper). 

This beautifully illustrated report is based 
mainly on the fine Langford collections of 
fossils taken from the Mazon Creek coal 
region of Illinois — although these same 
forms are to be found elsewhere in the 
state. Something over 150 genera and 
species are described and illustrated (164 
figures, mostly photographic reproduc- 
tions). The 16 different coal seams to be 
found in Illinois indicate that for i6 con- 
secutive times the water rose and destroyed 
and buried the luxurious tropical vegeta- 
tion which covered this region. The 
preservation of the remains is such that, in 
the shale beds immediately above or below 
the coal seams, complete leaves with their 
intricate veins, surface hairs and texture, 
and individual plant cells can be studied. 
A bibliography and index complete the 
report. 
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GENETICS 

Thb Gbnbuc Basis fob Democracy. A 
Panel Discussion on Race and Race Prejudice, 
Held at the Little Theatre^ Hall of Science and 
Education^ New York World's Fair^ Octo- 
ber I 4 y 1939 ^ 

By Henry A, Wallace^ Franz, Boas^ Hadley 
Cantril and William A. Hamm. American 
Committee for Democracy and Intellectual 
Freedom^ S19 West 121 St., New York. 
40 cents. II X 8J; 15 ; 1^3^ (p^cr). 

The average person who dislikes foreigners 
or racial groups other than his own is 
likely to think that he does so because 
they are inferior in some way. But the 
fact is that more often than not such a 
person has got the cart before the horse. 
The fact that he dislikes them is the cause 
for his thinking them to be inferior. It is 
a simple matter for the geneticist to show 
that there is little or no scientific basis for 
theories of racial inferiority, but that is 
not enough. The old poem about Dr. Fell 
carries more weight with the “morally 
illiterate** (this apt phrase is quoted from 
Mr. Hamm*s contribution to this panel 
discussion) than all the conclusions of the 
scientists. 

Of the four contributions to this sym- 
posium, three arc exclusively diagnostic. 
Only one, that of Cantril, is prescriptive. 
He mentions bv name several subversive 
organizations {the list might easily be 
made more comprehensive) whose methods 
and sources of propaganda might be inves- 
tigated to advantage. He also warns of 
the flood of anti-alien (and therefore un- 
American in spirit) legislation that will 
undoubtedly try to force its way through 
Congress if that body should exercise its 
prerogative of declaring war, and suggests 
pr^arations to oppose it. 

Twenty-three years ago there was only 
one organization in the United States con- 
cerned directly with the preservation of 
intellectual freedom. That there arc so 
many more today is a sign of hope and a 
cause for thanksgiving. 

* 

Partner of Nature. 

By Luther Burbank. Edited and tran- 
scribed by Wilbur Hall. D. Appleton- 


Century Co., New York and London. $3.00. 

8 X xi + 315 -f 13 plates; 1939. 

The life of Luther Burbanlc, both as a man 
and as a naturalist, should be an inspira- 
tion to everyone who has the slightest 
interest in the wonders of the plant world 
about him. This thoroughly enjoyable 
volume is essentially an autobiography, 
though the material has been compiled and 
edited since Mr. Burbank's death, and it 
deals only with his work — but then his 
work was really his life. Burbank admit- 
ted quite frankly that he had no literary 
talents, but he has succeeded in putting 
down clearly, forcefully, and in a aclight- 
fully readable and interesting fashion, the 
results of his long and rich life of work in 
practical plant breeding, propagation and 
experimentation. The underlying theme 
of his great work, and the note that he 
stressed again and again, was patience. 
To this he added the single factor of 
repetition. 

The clue to his success in producing new 
fruits, vegetables and flowers, and improv- 
ing our old ones is explained in Burbank's 
ability to learn what nature has to teach, 
and to use that knowledge in directing and 
speeding up the natural processes by which 
plant evolution has taken place. The 
value of his work can probably never be 
estimated in terms of dollars and cents. 
His improvements on the potato alone 
have resulted in an estimated increase in 
value of more than a billion dollars in the 
past fifty years! 

The volume is not intended for the pro- 
fessional botanist but for the practical and 
amateur plant breeder, the nurseryman, 
and the back-lot gardener. The text is 
richly illustrated, and carefully indexed. 



Practical Plant Breeding. Second 
Edition. 

By W. J. C. Lawrence. With a Foreword 
by Sir Daniel Hall. George Allen and 
Unwin, London; De La Mare Garden Books, 
New York. 5s. fid. net. yi x 4i; 
i 55 i 1939* 

Mr. Lawrence's experience as director of 
the gardens of John Innes Horticultural 
Institution has well qualified him for the 
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task of writing this book on practical 
plant breeding. The separate enterprises 
of botany^ genetics, and plant propagation 
have been adequately discussed in separate 
volumes, but the three have probably 
never before been so well synthesized for 
the purpose of laying the foundation for a 
stucty of plant breecung, as has been done 
in this volume. 

The range of material includes discus- 
sions on t& structure of plants and flow- 
ers, the techniques of cross-pollination, 
the laws of heredity, and th^eneral meth- 
ods of improving plants. Ine volume is 
simply written, free from technical termi- 
nology and textbook procedures. The 
numerous drawings, diagrams, and photo- 
graphs will undoubtedly enhance the value 
of the book as a guide in the hands of the 
amateur gardener or nurseryman. An 
index and a selected list of books on plant 
breeding conclude the volume. 



Population, Race and Eugenics. 

By Morris Siegel, Published by the Author^ 

S46 Barton St.^ Hamilton^ Ontario, $3.00. 

X 5; X -f io6; 1919. 

Dr. Siegel divides his book into two parts 
— positive eugenics and restrictive eugen- 
ics. In the nrst he discusses population 
and eugenics and the probable etiology of 
differential fertility and makes recom- 
mendations for improving the situation. 
Much is said concerning racial theories in 
relation to eugenics ana every effort made 
to deflate the claims of those who cham- 
pion “Nordic superiority.*' There is a 
very helpful chapter on rational marriage 
from the eugenic point of view. In tne 
second part of the book, the various men- 
tal aberrations of eugenic significance are 
discussed and restrictive measures pro- 
posed. There are bibliographies appended 
to each chapter and a good indtx is 
provided. 



Bibliography on the Genetics of 
Drosophila. 

By H, J, Muller, Oliver and Boyd^ Edin-^ 
bunb. 58. 9i X 7}; I3x; 1039 (paper). 
Students of the genetics and physiology of 


Drosophila will find this a highly useful 
publication. In addition to articles on 
this insect, the bibliography includes a few 
works which, although dealing with 
other forms, concern problems intimately 
connected with the field of genetic re- 
search. The material is presented alpha- 
betically by authors and co-authors. 
Muller believed it inadvisable to provide 
a subject classification in view of the con- 
siderable amount of overlapping which 
this would necessitate. Titles in Eastern 
European languages have been translated 
into English and the original language 
indicated. Notes also appear which indi- 
cate summaries in languages other than 
that used in the body of the article. A 
number of abstracts, dissertations, and 
unpublished manuscripts are listed among 
the almost 3000 titles presented. 
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Annual Report of the Board of Regents 
OF THE Smithsonian Institution: Showing 
the Operations^ Expenditures^ and Condition 
of the Institution for the Year Ended June ^0, 
ip^8. Publication )4pi, 

Smithsonian Institution, U, S, Govern^ 
ment Printing Office ^ Washington, $1.50. 
9 X 5f; xiii -f- 608 + ii plates; 1939. 
To the summary of the year's activities of 
the various branches of the Institution 
there is added, as usual, a general appendix 
containing papers (31 in the present vol- 
ume) on a wide variety of subjects, but all 
of interest to the general reader. The 
writers, in each case, arc dealing with 
their own special subjects in which they 
arc authorities, hence write clearly and 
accurately. It is only possible, in so 
limited a space, to give briefly some of the 
topics presented: P. G. H. Boswell writes 
of The floor of the ocean; H. T. Stetson, 
The sun and the atmosphere; H. E. Wim- 
peris. The natural limits to human flight; 
etc. ComiM to the purely biological 
papers — in Eyes that shine at night, by 
E. P. Walker, we read that the cat is not 
alone in the shining of its eyes by reflected 
light. There arc toads, of the genus Bufo^ 
and the caiman (tropical American alli- 
gator) "whose eyes give perhaps the most 
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pronounced and beautiful glow I have ever 
observed.” The eves of most domesti- 
cated and some wilo animals deteriorate in 
their reflecting ability in captivity. In 
some animals the color of the ”shine” is 
constant, in others it may appear as three 
diflferent colors within a few seconds . The 
paper on The black widow spider (re- 
Minted from The Quarterly Review of 
Biology, vol. II, No. x, June 1936), by 
D* Amour, Becker and Van Riper, gives a 

t reat deal of information about this timid 
ut much-feared insect. K. von Frisch, in 
writing on The language of bees, tells of 
training bees to color and to scent. Train- 
ing to taste is impossible, ^Either they 
[the bees] drink the solution or they refuse 
it.” But the bees “have something like a 
language” and von Frisch ref^rts some of 
the results of his many experiments along 
this line. We regret that there is not 
space to include some of the interesting 
facts brought out in such discussions as 
Forest genetics, The story of the maiden- 
hair tree, “Root-pressure” — an unappre- 
ciated force in sap movement, the Folsom 
problem in American archeology, and 
others. Illustrations, maps and bibliog- 
raphies frequently accompany the texts. 



Koonwarra. a Naturalist's Adventures in 
Australia, 

By Charles Barrett. Oxford University 

Press y Neiv York and London. $3.00. 

8J X 5J; xii -t- 315 + 49 plates; 1939. 
The author of Koonwarra is a naturalist 
and traveler hy choice, a newspaperman by 
profession. The name Koonwarra, mean- 
ing black swan, was chosen for the title of 
this book describing life on the smallest of 
all continents, because it has both his- 
torical and scientific significance. In 1697 
William de Vlaming, a Dutch navigator, 
caused a furore in Europe by returning 
from the west coast of Australia with four 
swans which amazingly enough had plum- 
age of black. 

The author is most adept at spinning a 
yam, and this book, which one could 
really call an autobiography, is full of 
amusing anecdotes. Not to mention 
beach-combers, blackfcllows, bushmen, 
and sundry traveling acquaintances, Mr. 


Barrett's family, friends, fellow scientists, 
and even two old maid neighbors play 
their rdles in this entertaining book. 
The author has covered a great deal of 
Australian territory in his search for 
interesting plants, animals, birds, and 
insects. He describes his many journeys 
and what he has seen on his wanderings 
in Queensland, central, southern, north- 
ern, and north-western Australia, through 
the Bass Strait and its many island, 
through the Gulf of Carpentaria and its 
islanos, on Erye's Peninsula, in Tasmania, 
on the islands of the Great Barrier Reef, 
up and down inland rivers and lakes too 
numerous to mention. The reader is 
told of the habits, habitats, and geo- 
graphical distribution of such varied 
creatures as the giant earthworm, spiny 
anteater, platypus, koala, bull-ant, cuccus, 
crocodile, wombat, tree kangeroo, casso- 
wary, tiger-snake, python, blue-tongued 
lizard, lyre-bird, mutton-bird, oppossum, 
iant clam, and the hideous deadly stone- 
sh. There is little which escapes the 
observation of this witty naturalist- 
newpaperman. Numerous full-page pho- 

S hs and a very detailed index 
:te the book. The reader will 
regret the omission of a map showing the 
territory covered. 



The Collected Letters of Antoni van 
Leeuwenhoek. Part I. 

Edited^ illustrated and annotated by a 
Committee of Dutch Scientists. Swets and 
Zeitlinger^ Amsterdam. 19 guilders (pa- 
per); XI. 50 guilders (bound). ii| x 8i; 

„ 454 + 39 I939-. 

This fine commemorative volume, the 
first of a series that will ultimately com- 
prise xo when completed, bears witness to 
the esteem in which one of the earliest 
biologists is held by his successors and 
countrymen. The leading scientific in- 
stitution of the Netherlands, The Royal 
Dutch Academy of Sciences, jointly with 
the foremost society of scientific physi- 
cians have undertaken to publish in this 
series a complete critical edition of all of 
van Leeuwenhoek's letters that arc ob- 
tainable. A second aim is to make the 
works and opinions of Leeuwenhoek in- 
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telligible to the modem reader. The 
editors perhaps put it best when they sav, 
“Whoever reads a paper by Leeuwenhoek, 
even when it deals with a subject in which 
he specializes, cannot have absolute cer- 
tainty about what Leeuwenhoek actually 
saw and described. An interpretation of 
Leeuwenhoek’s observations is a science 
and art in itself.” 

The present volume contains the earliest 
letters written by Leeuwenhoek (xi in 
number, dating from April i8, 1673 to 
February ii, 1676). Letters addressed 
to Huygens, Leibnitz, Magliabechi, and 
many others arc reproduced and many 
original drawings by Leeuwenhoek arc 
used to properly illustrate the subject 
matter incorporated in the letters. The 
right-hand pages of the book arc in Eng- 
lish; the lat-hand pages are in Dutch. 
The numerous explanatory footnotes ac- 
companying the letters testify to the 
thoroughness with which the committee 
is going about its task. 

The tables of weights and measures used 
by Leeuwenhoek ^hc was the first to 
measure microscopic objects and hence 
had to select objects which could serve 
as standards of comparison) and placed 
at the end of this volume is both of his- 
torical and practical value. The bio- 
graphical register of persons mentioned 
by l^euwenhoek in his letters is also of 
great interest. The volume contains an 
index of names and subjects, also an index 
of illustrations. The completed scries 
will form a truly monumental work of 
great historical value. 



A Naturalist on Rona. Essays of a 
Biologist in Isolation. 

By F. Fraser Darling. Oxford University 
Press^ New York; The Clarendon Press^ 
Oxford. $1.50. 8| X 5^; X + 137 + 2.8 

plates + i folding map; 1939. 

This book definitely adds to Fraser Dar- 
ling’s already solidly grounded reputation 
as a naturalist and a writer of distinction. 
North Rona is a tiny island oS the north- 
west coast of Scotland. For human 
beings it is no gentle environment. But 
the Darlings (cf* and 9 ), from experience 


and innate liking, know how to get the 
most out of life m such places. 

For us in our years of primitive life on three such tiny 
islands there has never been a dull day, though many 
an uncomfortable one. Our content has rested on 
mainuining a spirit of acceptance and havine always 
more than enough to do— apart from goodwill within 
the family. I mean by a spirit of acceptance a toler- 
ance of environmental conditions, whatever they may 
be, and a realization that it is no good trying to live 
by a routine. You must work when the work is 
there, and if on the next day a gale of wind and rain 
makes work impossible, let it be and turn your hand 
or mind to something else. This is the second point 
of having more than enoueh to do; I do not think 
anybody can be happy in the necessary restriction of 
island life unless there is an alternative and construc- 
tive outlet for one's energies. There has been for me 
on North Rona the writing of this book of essays of 
forest and. island, in slack nours of high summer, on 
the impossible days of weather about the autunm 
equinox, and during long winter evenings when 
nothing could be done outside. 

The content of the eight essays in this 
volume is reasonably well indicated by 
their titles: The vivid frontier; The dis- 
play of birds; North Rona; The social life 
of animals; Ron Mor: the great seal; 
Sanctuaries for wild life; The mystery of 
antlers; Forest and island. 

Altogether this is a book that every 
naturalist, ecologist, and animal be- 
haviorist will want to read, for it contains 
much that is original and sound. 



The Great Naturalists Explore South 
America. 

By Paul R. Cutright. The Macmillan 
Co.y New York. $3.50. 9i x fij; xii -|- 
340+31 plates; 1940. 

Perhaps there remains more unexplored 
territory in South America than in any 
other part of the world. There arc of 
course larger areas of barren deserts of 
sand, snow, and mountain never visited 
by man; but the unknown recesses of South 
America arc filled with plants and animals 
that arc still new to science or imperfectly 
known. For the little knowledge that 
we do have we owe a great deal to those 
intrepid naturalists ancf missionaries who 
braved the rigors of the Amazonian 
jungle, Argentine pampas, and the moun- 
tainous Andes. 

The author of this book presents the 
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important discoveries and observations 
made by the South American naturalists 
from the time of Alexander von Humboldt 
to such contemporanr men of science as 
Murphy, Cherrie, Tate, Ditmars, and 
others. The reports of various observers 
on a particular animal are brought to- 
gether, enabling the reader to ^et the true 
picture of the animal*s peculiarities. Bats, 
sloths, monkeys, birds, snakes, crocodiles 
and the fierce piranhas are just some of the 
animals ably and interestingly reviewed 
in this way. Nor arc the insects, the joy 
and banc of all South American explorers 
omitted. Good illustrations, a bibliog- 
raphy and an index, and especially an 
outline map of the continent on which to 
trace the routes of the great naturalists, 
complete this fine review of South Ameri- 
can exploration. 



A Forgotten River. A Book of Peruvian 
Travel and Botanical Notes. 

By Christopher Sandeman. Oxford Univer- 
sity PresSf London^ New York and Toronto. 
$5.00. 8i X 5^; xii + 199 + 15 plates 
+ X maps; 1939. 

Here is a book that will make any field 
naturalist green with envy. It is a diary 
covering three months of travel in a part 
of Peru that had not been explored by a 
scientist since 1850. The autnor, a well- 
known botanist, had dreamed of making 
such an expedition for years. 

The greater part of Peru lies east of the 
Andes, and consists of three parallel 
valleys draining into the Amazon. It is 
difficult to get from one valley to another 
without going outside the Peruvian 
boundanr, but no one knows exactly 
where tnese boundaries are. Two of the 
valleys, those of the Marafion and the 
Ucayali, arc well known, but that of the 
Huallaga is practically virgin territory 
for the field biologist. 

The author and a friend crossed the 
Andes near Cerro dc Pasco, whither they 
had gone on muleback from Lima, then 
made their way to the source of the river 
at an altitude of 14,000 feet, constructed a 
raft on which they descended to 597 feet 
near Yurima^as, and then recrossed the 
Andes to l^jillo on the coast. The 


stoty of their adventures stirs the imagi- 
nation and although they collected only 
plants their observations on animal life 
make the book of interest also to the 
zoologist, and excite his jealousy. 

The book is thoroughly inoexed and 
documented. 



The Technique of Theory Construction. 
International Emyclopedia of Unified Science^ 
Volume II, Number $. 

By J. H. Woodger. University of Chicago 
Press ^ Chicago. $1.00. 9^ x 6J; vii + 
81; 1939 (paper). 

A detailed and elementary account of the 
application of the metnod of modem 
symbolic logic to the construction of 
tncories in general, with particular refer- 
ence to biological theories. The develop- 
ment of the technique is so clear and 
simplified that this brochure may well 
serve as the starting point for anyone 
wishing to leam the elementary nota- 
tions in this field. 

There appears to be a minor slip on p. 
13, where the following passage occurs: 

**Thu8, of the following four examples of substitu- 
tion in implies the first three are true statements 
and the fourth alone is false: 

Ti J Tx -f a * 4 ^ implies (Rome is in Italy^ 

4 - 1 ** 5^ implies TRome is in Italy) 
v5 Cx + a. Sj implies ^Romc is in France) 

( 4 ; fj. 4* a- * 4 ) implies (Rome is in France)” 

Surely if (i) and (3) are “true state- 
ments”, as in the author’s sense they 
obviously arc, then by the same token 
cannot be a “tme statement” because 
X + X does not equal 5, but Rome is in fact 
in Italy. 



Veroffentlichungen des Deutsch-Dom- 

INIKANISCHEN TrOPENFORSCHUNGSINSTI- 

TUTS. Hamburg — Ciudad Trujillo D.S.D. 
Band I. 

Edited by Adolf Meyer-Abich. Gustav 
Fischer^ Jena. 10 x 6}; 143 + 10 plates; 
1939 Cpapcr). 

This IS the inaugural number of collected 
publications from the German-Dominican 
institute for Tropical Research which was 
organized in the summer of 1937. The 
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first papCT, by Adolf Mcycf-Abich, con- 
tains a nistory of the Institute, a d^crip- 
tion of the buildings, the aims and scope 
of work. The other articles include: a 
description of Cichlasama pombergi^ nov. 
spec., by W. Ladiges; amphibians and 
reptiles from Santo Domingo, described 
by R. Mertens; anatomical reactions of the 
digestive tract of the parrot, Ama:(,ona ven- 
traits^ by M. Grasmann; two articles on 
microscopic fungi of the Dominican Re- 
public, by R. Harder and G. Sorgcl; 
eeology of the Cordillera Central of 
Santo Domingo, by R. Wcyl; and the 
^read of malaria in the province of 
Barahona, by F. Marschall. 



Transactions of the San Diboo Soobty 
OF Natural History. VoL p, Hos, 14a 
and ij. A New Subspecies of the Western 
Worm Snake^ by Laurence M. Klauber; 
Two New Pocket Gophers from the Desert 
Slope of Eastern San Diego County^ California^ 
by Laurence M. Huey. 

Society of Natural History^ San Diego^ 
Calif, loj X No. 14a, 1; No. 15, 
4 + 1 plates; 1939 (paper). 
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Black Folk, Then and Now. An Essay 
in the History and Sociology of the Negro 
Race, 

By W, E, Burghardt Du Bois, Henry 
Holt and Co., New York, $3.50. 9! x 
6J; ix + 401; 1939. 

Here is a straightforward attempt by an 
educated colored man to tell the story of 
his race. To those who ask why such a 
story should be told, the answer is “Be- 
cause it has never been told before.” We 
all know that the Negro was imported to 
America and other so-called civilized 
regions to supply the demand for slave 
labor, and we kbov/ something of the 
vicissitudes through which the race has 
passed, particularly in our own southern 
sutes. But the innocent reader whose 
knowledge of African history is confined 
to Diaz and Vasco de Gower and Living- 
stone and du Chaillu and the Martin 


Johnsons is due for a shock when he learns 
that for nearly a thousand years before 
any of these worthies the dark continent 
had been permeated by Islam, and that 
from Islamic sources can be read the 
authentic accounts of nations and dynas- 
ties that rose and fell, of war and famine 
and the migration of peoples essentially 
similar to the kind or events that have 
occurred in every other continent. 

While Du Bois is not averse to the term 
“Negro” he prefers to call his people 
“Black Folk’\ Although “Negro” is 
merely the Spanish word for black, it is a 
term that has been used in many diverse 
senses by ethnologists, and he believes 
that less confusion will result from the use 
of the English transliteration. He In- 
terprets his race in the broad sense, in- 
cluding all the dark-skinned, kinky-haired 

3 1 e such as the Dravidians and Berbers, 
out regard to dolicocephaly or physi- 
ognomy. To do otherwise would be to 
restrict the Negro to a group so small that 
it could not reasonably be designated a 
race. 

Du Bois believes that the human species 
originated in Africa and was dark skinned. 
Every dark skin today is the persistence of 
a primitive trait. One difficulty with 
this theory is that the broad nose and 
everted lips commonly associated with the 
Negro race can hardly be considered prim- 
itive, as they do not occur in any pithecoid 
stock, which seem to have more features 
in common with Caucasoid physiognomy. 
If primitive Homo was black, he must have 
been more like the black of the Indo- 
Tacific region than those of Africa. 

It is now commonly believed that the 
ancient Egyptians had black skins. Ref- 
erences to this fact in classical literature 
are too numerous not to be convincing. 
Du Bois believes them to have been mulat- 
toes between barbarian Semites from Ara- 
bia and civilized Ethopians from the head 
waters of the Nile, and he derives a rather 
convincing argument from Ethiopian his- 
tory which goes back nearly as far as 
that of Egypt. 

There are some errors in the book. For 
instance, the author tells us that after 
Estebanico was killed by the Indians it 
was over forty years before another effort 
was made to penetrate New Mexico. 
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As a matter of fact it was less than two 
years after the arrival at Compostela of 
Cabeaa de Vaca, Estebanico's white com- 

? anion, that Coronado, Alvarado, El 
bvar, and de Nizo had penetrated not 
only New Mexico but Arizona, Colorado, 
Oklahoma, and Kansas. Also Du Bois 
has misquoted Wendell Phillips’ eulo^ 
of Toussaint I’Ouverture by omitting the 
reference to John Brown. 

The author makes an excellent point, 
after noting that more than fifty million 
Black Folk were sold into slavcjy in less 
than three centuries, by enquiring what 
would have been the state of white civili- 
zation today if an equivalent proportion 
of able-bodied whites had been impressed 
into slavery in Africa. But in the natural 
resentment which he feels against those 
who perpetrated the infamous traffic in 
human bcinp he overlooks the fact that 
the first dealer in slaves in America was a 
Negro apprentice who learned from his 
own bitter experience what pecuniaiy 
profit might accrue from the sale of his 
less fortunate brethren to the avaricious 
whites. 

A better index and a few more maps 
would have increased the value of this 
excellent book. 



Agriculture in Modern Life. 

By 0 . E. Baker ^ Ralph Borsodi, and M. L. 
Wilson, Harper and Brothers^ New York 
and London, $3.50. 9i x 3J; vii + 
303; 1939. 

In this volume Ralph Borsodi, founder of 
the Suffem School of Living, O. E. Baker, 
the distinguished agricultural economist, 
and M. L. Wilson, Under Secretary of 
Agriculture, incisively present the case 
for more self-sufficient living. The book 
originated in a 1938 conference at North- 
western University on ’’Distributive Soci- 
ety and the Possibilities of Decentraliza- 
tion.” 

These authors a^ee that agriculture is 
more than “soil mining”, it is a “way of 
life”. Baker, by elaborate economic sta- 
tistics; Borsodi, by broad social reasoning; 
^d Wilson, by reference to sociological 
ideas and facts; present a rural culture 
where bare sustenance levels are often 


scarcely maintained, and this where 10 
per cent of our people live, where 35 per 
cent of our capital is invested, and where 
50 per cent of our citizens are bom. The 
intimate relationship between this rural 
problem and the urban problem of un- 
employment and relief is clearly shown. 

The authors, agreeing that most of the 
profits of specialized farming are con- 
sumed in higher distribution costs, advo- 
cate more self-sufficient farming, not on 
the Robinson Crusoe level, but by using 
all the facilities of a scientific ana indus- 
trial age to assist in achieving a better 
w^ of living. 

The final section of the book, a dialogue 
among the authors, shows their funda- 
mental agreement on the principles in- 
volved, but emphasizes that all specific 
efforts to apply these principles arc still 
in the experimental stage. Altogether 
this is a significant contribution. 



Critiques of Research in the Social 
SaENCEs: I. An Appraisal of Thomas and 
Znanieckts The Polish Peasant in Europe 
and America, Bulletin 44, 

By Herbert Blumer, Statements by Wil-^ 
Ham I, Thomas and Florian Znaniecki^ a 

i ianel discussion^ and summary and analysis 
y Read Bain, Social Science Research 
Council^ 2^0 Park Ave,^ New York, $1.00. 
9x6; xvii + xio; 1939 (paper). 

The Social Science Research Council has 
set out to appraise the outstanding studies 
which have influenced sociology during 
the last two decades or more, ^c pur- 
pose apparently is to determine whether 
such studies might lead to “the develop- 
ment of a self-contained and self-recruiting 
cult perpetuating inquiries and reports of 
no substantial social value, cither in 
promise for the future or relevance for 
the present.” A number of books have 
been chosen to be evaluated and among 
them the review of The Polish Peasant in 
Europe and Amrica^ by Thomas and 
2^aniecki, is the first to be completed and 
thus represents the first of the scries to be 
published. This report contains Profes- 
sor Blumcr’s review, statements by the 
authors of the book and also, what seems 
to be, a stenographic account of the panel 
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discussion by members of the Social 
Science Research G)uncil. Blumer's re- 
view of The Polish Peasant is painstaking 
and thorough and his main criticism 
is levelled at the fallacies that might 
result from the authors' interpretations 
of the letters which formed the basic 
material of the book. The authors, in 
turn, justify their methodology and fur- 
ther explain their viewpoint which em- 
phasi2es the subjective individual element 
in social relations. The panel discussion, 
as is usual, makes for amusing reading. 
For reasons not easily understood, Blumer 
rather th^nThe Polish Peasantw^s subjected 
to a verbal assault which was of the “de- 
fine your terms and what is truth" kind. 
In addition, almost every member present 
took the occasion to air his views about 
matters not directly concerned with the 
subject under discussion. It is to be 
ho^d that the other publications of the 
senes, especially if they contain reviews 
as well written as this bv Blumer, will 
not also be used as a vehicle for outbursts 
of professorial pronouncements. 

* 

Tangier Island. A Study of an Isolated 
Group, 

By S, Warren Hall^ III, University of 

Pennsylvania Press, Philadelphia; Oxford 

University Press, London, $1.50. 9x6; 

X + iiL + L plates; 1939. 

This is an interesting sociological study 
of an isolated community on an island in 
Chesapeake Bay. Although politically 
Tangier is part of Virginia, it is geo- 
graphically and culturafly a part of the 
peninsula between Chesapeake and Dela- 
ware Bays. The speech of its inhabitants 
is entirely free ot the characteristic in- 
flection so wide-spread south of the Poto- 
mac, partly because their ancestors settled 
here in the early days before the south- 
erners had acquired their distinctive in- 
tonation, and partly because so many of 
them came from New England. 

During the two wars that have deci- 
mated Virginia soil no army ever invaded 
the Delmarva peninsula — in fact, it is 
doubtful whether any resident of Tangier 
ever undertook military service. Slavery 
was never introduced. The culture of the 


past has been preserved into the present 
only slightly altered by the passage of 
time. 

The leading spirit among these early 
settlers was a ru»ed and vigorous pioneer 
named Joshua Thomas, around whose 
memory tradition has so accumulated that 
he has become a semi-mythical patriarch 
whose dead hand to a large extent still 
moulds Tangier culture today. And a 
good culture it is, in some ways in advance 
of that on the mainland. It reaches its 
culmination in a system of socialized 
medicine, by which each family pays the 
resident physician a monthly salary re- 
ceiving in return the medical service it 
requires without further expenditure. 

More recently time and the tides of "the 
Chesapeake have taken their toll of that 
part of the island formerly available for 
residential and agricultural purposes with 
the natural result that the dwindling pop- 
ulation is becoming more and more 
dependent on the mainland. Its distinc- 
tive culture is being forced unwillingly 
into conformiiiy and will eventually dis- 
appear. The present investigation is 
timely and was made none too soon. 



Archaeology and Society. 

By Grahame Clark, Methuen and Co,, 
London, 7s. 6d. net. yi x 5J; xv + 
Lio + 14 plates; 1939. 

This book, which is primarily concerned 
with prehistoric rather than historic 
archaeology, is designed for the use of the 
general reader. Although the author 
has attempted to write in a simple style 
using as little as possible of the super- 
abundant terminology already encumbering 
the young science of prehistoric archae- 
ology, nevertheless the general reader who 
tacides this book will be confronted with 
a sizable amount of esoteric nomenclature. 
The definition of prehistoric archaeology 
and the history of its study are discussea. 
Then the following subjects are considered 
in order; (i) how ancient sites are found 
and the factors instrumental in their dis- 
covery; (x) what factors regulate the 
preservation of early remains; M tljc 
modes of excavation, and the difficulties 
incurred therein; (4) the relative and 



NEfV BIOLOGICAL BOOKS 


2*33 


absolute dating of findings; and (5) the 
interpretation of the findings in terms of 
the people of the past and their societies 
with the interrelations of such aspects as 
food supply, living area, form ot settle- 
ments and houses, material culture, art 
and religion, density of population, and 
social organization and behavior. Numer- 
ous concrete examples of archaeological 
work arc presented and findings described 
that range over a great portion of the 
globe. Lastly, the author discusses ar- 
chaeology and its present use in spreading 
propaganda, especially in such countries 
as Italy, Germany, and Russia. He also 
considers briefly the falsity of the “su- 
perior** people conception in the light 
of the study of prehistoric archaeology. 
There are many interesting sketches and 
diagrams and splendid full-page photo- 
graphs. 



Thoreau: Reporter of the Universe. 
A Selection of His Writints about Natun^ 
for all Readers from Eight Years Old to 
Eighty. 

Selected and Arranged by Bertha Stevens. 

The John Day Co. ^ New York. $1.50. 8 x 

5i; xiv + 12.^ + 8 plates + i folding 

map; 1939. 

It is only a few of us who can have the 
privilege of meeting nature on such in- 
timate terms as Thoreau. The cumber 
and entanglements of modem civilization 
arc too much with us. But when we take 
up such a book as this and read of the 
sounds, colors, and smells of forest and 
field, and their seasonal fluctuation, or of 
the stories recorded in the animal tracks 
in the snow, of the snow crystals that 
sting his face, or the spears of the much 
maligned skunk cabbage that herald the 
coming of spring by perforating the snow 
banks that remain in sheltered places, or 
the voice of the stream liberated from its 
icy prison, or later, the voice of the toad 
recently waking from its hibernation as 
it trills its joy at the renascence of life, 
or the solemn crash of a patriarch of the 
forest as it falls to its death, we can ask 
ourselves; Why have we allowed our- 
selves to become slaves to our environ- 


ment when we might have been its mas- 
ters? 

The woodpeckers still percuss the 
hollow trunks, the sap still drops from 
the red maple, and the beach grass still 
traces circles in the sand, but there is no 
Thoreau to observe and record these 
things. Our minds are too occupied in 
making present wars and preparing for 
future ones. But at least we can fina time 
to read Thoreau. The fourteen volumes 
of his collected works are here condensed 
into one, the material arranged topically. 
The only adequate expression of the value 
of such a booK that a reviewer can make is 
to advise all his readers to get it and share 
it with him. 



Indians of the Americas. Historical Pag- 
eant. 

By Edwin R. Embree. Houghton Mifflin 

Co.^ Boston. $1.75. 8j x 5f; xi + x6o; 

An American history “written not around 
the colonists and immigrants but around 
the native Americans.** The probable 
course of the Indian peoples as they en- 
tered this continent bv way of Bering 
Straits and spread fan-like throughout the 
Western Hemisphere, in successive waves 
of migrations during pre-historic times, 
is pictured. These people, of a single 
stock — Mongoloid — lived together 
in groups for hundreds or thousands of 
years, *^cut off almost completely from 
eople of other customs. Each group 
uilt its life on the basis of the habits it 
had brought with it and on the environ- 
ment of its new home.’’ This lack of con- 
tact with other tjrpes of culture and of 
ideas kept the Indian civilization more or 
less stabilized at a low level. It was 
only in those regions where contact among 
the various tribes was greatest that cul- 
tural development reached its highest 
level, namely among the Aztecs in Mex- 
ico, the Mayas in Central America and 
the Incas in Peru. Separate sections arc 
devoted to these three ^oups — their art, 
learning, religion and history. 

The latter half of the book is concerned 
with the different tribes of the North 
American Indian; and the final pages. 
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with the new governmental policy for the 
present day Indian. The volume con- 
tains many interesting illustrations and 
is well documented and indexed. 


The Chinese Are Like That. 

By Carl Crow. Harper and Brothers^ New 

York and London. $3.00. 8f x 5!; viii 

+ 3 ^ 8 ; 1939- 

It is apparent from this book that in the 
twenty odd years the author spent as an 
advertising man in China, he has gained a 
shrewd insight into Chinese character 
and custom, a genuine fondness for these 
people, and a high regard for the many 
ways in which they have met the struggle 
for survival and live uncomplainingly in 
the midst of flood and famine, poverty, 
scarcity of firewood and pure water, and 
over-population. Here ne shows how 
rice (in the south) and noodles (in the 
north), which do not require a long and 
steady fire for cooking, came to be the 
staple diets of the country, not because of 
what “Confucius say“, but because of 
deforestation resulting in scarcity of 
firewood and game. He shows the extent 
of the famine that would result if modem 
plumbing were installed in every home to 
replace the present custom, found nause- 
ating by foreigners visiting the country, 
of collecting human manure for disposal 
over the fields. He traces the origin of 
another custom found annoying to for- 
eigners, namely that of “squeeze”, which 
incidentally seems to be a trait of servants 
all over the world. He vsrrites of beggars, 
bandits, noise, superstitions and many 
other things. Most of the attitudes of 
mind and customs which non-Chinese find 
peculiar, Crow finds can be logically 
traced back to some basic reason. Writ- 
ten in a popular style and illustrated with 
amusing anecdotes this book is neverthe- 
less worth the perusal of the serious 
minded student of human populations 
and customs. It has been published in 
England under the title My Friends^ the 
Chinese. 


RxaAL Proverbs. A Selection of the 
World's Proverbs Arranged Linguistically. 


With Authoritative Introductions to the Prov- 
erbs of 27 Countries and Races. 

By Selwyn G. Champion. The Macmillan 

Co.^ New York. $10.00. 9J x 6; cxxix 

^ + 767: 1939- . . ... 

Proverbs are important to the human biol- 
ogist. They are the quintessential dis- 
tillates from the lon^ boiling of the great 
pot of human experience. When a Chi- 
nese boy's grandfather suggests to him 
that: “If you bow, bow low”, he is im- 
parting to him a bit of wordly wisdom 
oased upon a vast experience of human 
behavior. Obeisance, toadying, boot- 
licking, or whatever it is called, may or 
may not be an advisable action in a par- 
ticular situation; but if it is decided to 
be the sound thing to do in the premises, 
racial experience has demonstrated that a 
thorough job had best be done. 

From the point of view of the student 
of human behavior, as well as from every 
other conceivable, except perhaps the 
narrowly philological, this huge collec- 
tion of proverbs assembled on a racial 
(national) basis will be a boon to students. 
Twenty-seven distinguished scholars con- 
tribute introductions to as many sections, 
starting with an African section for which 
R. R. Marett is responsible, and an Arabic 
section from the pen of Prof. H. A. R. 
Gibb; and ending with the Turkish (S. 
Topalian) and the Welsh (J. J. Jones). 
There is a lo-pagc bibliography of author- 
ities consulted; and three detailed indices. 

Altogether this collection of i6,ooo 
odd proverbs from 186 languages and dia- 
lects, that cost the editor 17 years of 
research, is a scholarly contribution of a 
high order of importance. 


Social Research. 

By Manuel C. Elmer. Prentice-Hall^ Inc.^ 

New York. $3.00. 8 x 5J; xvi + 511; 

1939- 

The purpose of this book is to outline the 
principles and philosophy of research in 
the social sciences. As the author notes, 
the methods of research so well estab- 
lished in other branches of science have 
not been utilized to any great extent in 
sociolo^. One of the reasons, he be- 
lieves, is that “social research has fre- 
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S tly manifested itself as a vehicle for 
ging the social order rather than of 
understanding the social order." This 
is only too true, although not many 
professional sociologists are willing to 
admit it. There are three research tech- 
niques that the author describes in this 
book: (i) the general historical method 
of studying events and institutions, (2.) 
the individual life history, (3) the case 
method. The last mentioned is discussed 
in great detail with particular reference to 
its use in so-called surveys. For all 
methodological approaches, in general, 
the author refers at length to the prob- 
lems involved in sampling, the choice of 
adequate control poups, the use of statis- 
tical analysis and the various scales em- 
ployed in measuring individual and social 
group attributes and phenomena. Al- 
though to students trained in biology and 
biometrics the book may seem very 
elementary, it is worth reading for the 
good choice of illustrative examples and 
adequate bibliography. 


Horses and Americans. 

By Phil Stong, End paper and chapter 
heads hy Kurt Wiese, Frederick A, Stokes 
Co.^ New York, $5.00. io\ x 7J; xx -f- 
333 + ^5 plates; 1Q39. 

Here we have a book decidedly easy to 
read, in which has been accumulated a 
most amazing quantity of information 
about the horse and its development in 
America. 


No horses were native to the continent when 
G)lumbii8 made his voyages but they arrived here 
almost on the rudder of the Sanfa Maria, certainly 
within ten years of the navigator’s death. Velasquez 
established the animals in Cuba, one of Columbus* 
first discoveries, in 1511; seven years later the island 
furnished mounts for the conquest of Mexico. 

The author brines us into close contact 
with the different breeds of horses, which 
we are familiar with in a general way, and 
explains their usefulness as decided by 
their build — saddle and race horses, hun- 
ters, cow Mnies, heavy Percherons, Cly- 
desdales, ^Igians, Morgans, and just 
horses, some pure bred and some crossed. 
Stong also makes us aware of the exceed- 
ingly important part played by the horse 
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during the settlement of this countnr, 
and speculates as to how much the de- 
velopment and extension of our territory 
might have been retarded without them. 
Many illustrations are included, a sub- 
stantial bibliography, and an index. 


Anthropology and Religion. 

By Peter H, Buck, Yale University Press^ 
New Haven; Oxford University Press^ 
London, $1.50. 8 x 3^; viii -j- 96 •+- i 

folding chart; 1339. 

This book embodies the sixteenth series 
of Terry Lectures on Religion in the Light 
of Science and Philosophy, delivered at 
Yale University. Professor Buck, who 
was born in New Zealand of a Maori 
mother, traces the history of Polynesian 
religion, its development and solidifica- 
tion, and eventual destruction with the 
advent of Christianity. The Polynesians 
deified certain of their ancestors and thus 
created their gods, the priesthood de- 
veloped and fixed the theology and, as 
the author says, the man-created gods in 
turn re-made man. The culture and 
whole civilization of the Polynesians be- 
came centered around their religion. 
Then came the Christian missionaries 
with a new set of morals and a new the- 
ology and by their well-known persuasive 
methods converted the natives. As a 
consequence the whole fabric of the Poly- 
nesian civilization came apart. In clos- 
ing, the author points to the importance 
of Christianity in the development of 
western civilization and warns of the pos- 
sible downfall of this civilization if 
Christianity should be abandoned. An 
interesting and well-written book. 


The Culture Historical Method of 
Ethnology. The Scientific Approach to the 
Racial Question, 

By Wilhelm Schmidt, Translated by S, A, 
Sieber, Fortuny* s^ New York, $5.00. 9 
X 6; XXX -h 383; 1939. 

The primary purpose of this tedious, dull, 
and badly written treatise, appears to 
have been to brin^ about a wider dis- 
semination of the ideas and theories of 
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Graebner and Schmidt about what they 
hold to be the true methodological gospel 
of ethnology. Particularly there was 
apparently a ho^ that by translating 
Graebner s Mefhode and spreading it about 
in chunks through a diluent it might be 
made readable. It is our duty to report 
that the hope was largely illusory. As 
the result of a prolonged, careful, and 
sympathetic study of this volume it is 
our conviction: (a) that Boas was pro- 
foundly right and wise in refusing to 
accept the Kulturhreis theory of Frobenius, 
Grraebncr, Schmidt and Co., because “it 
is based on the assumption of the per- 
manence of correlations of supposedly 
identical cultural traits, the identity of 
which has not been safely established and 
which in modem cultures prove to be 
unstable"; and (b) that if the company 
wants to promote the sale of its eyewash 
it will do well to employ a bright young 
man who can write clearly and logically 
so to put the product out in a brighter, 
cleaner, and generally more attractive 
package. 



Out of Revolution. Autobiography of 
Western Man. 

By Eugen Rosenstock-Huessy. William 

Morrow and Co.j New York. $6.00. 

8} X 5i; xii + 795; 1939. 

Out of Revolution^ an autobiography of 
western man, is a philosophy of history 
with “revolution" as its arbitrary unit of 
progress. The author attempts to show 
the human experiences and thoughts 
underlying revolutions and the inter- 
dependence of revolutions to each other. 
The author treats history as the auto- 
biography of man and the revolutions 
that have made history and have given 
“man’s soul a new relation between pres- 
ent, past and future" as having their 
foundations in the alternating passions of 
humankind. 

In the first part of the book the author 
discusses the great revolutions of Russia, 
France, England, and Germany, a four- 
hundred-year span of history; in the sec- 
ond part, the clerical revolutions in Italy 
and the American Revolution. The 
author quite often sacrifices clarity of 


meaning to a well-turned sentence or 
phrase and drowns the meaning of his 
analyses in a flood of unnecessary ver- 
bosity. The volume is well illustrated, 
and has a detailed index. An explanatory 
list of maps and illustrations is appendca 
to the text. 



Religion in Primitive Society. 

By Wilson D. Wallis. F. S. Crofts and 
Co.^ New York. $5.00. 9 x 6; ix -f- 

388 + 8 plates; 1939. 

Wallis presents a thorough and scholarly 
review of the ritualistic manifestations of 
religion and of the concept of sacredness 
in various religions. In order, he de- 
scribes the several kinds of sacred places, 
objects, trees, animals and persons. He 
then discusses the rituals of consecration, 
urification, sacrifice and feasts. The 
ook ends with chapters on the beliefs 
about life after death. Although, as the 
title indicates, the author is concerned 
with the religion of pre-literate cultures 
le discusses equally the manifestations of 
iindu, Mohammedan, Roman, Greek and 
Jewish (thereby also the Christian) re- 
ligions. The great value of this work 
Jes in the fact that it is devoted to a 
description rather than to an interpreta- 
tion of the overt practices of religion. 
For this reason and because it contains an 
extensive bibliography this book will 
without [doubt become a standard source 
of reference on the subject. 



Under Your Feet. The Story of the 
American Mound Builders. 

By Blanche Busey King. Dodd^ Mead and 
Co.^ New York. $1.50. 8J x 5!; xii + 
169 + L5 plates; 1939. 

The story of the moundbuilder and his 
lace in American pre-history has never 
een adequately tola. Although the val- 
leys of the Ohio and Mississippi are full 
or his works, many of which nave been 
excavated, the knowledge about his cul- 
ture is in a widely scattered state; it has 
never been coordinated, or even collated. 

In this book an active archaeologist 
with a curiously diflFuse literary style has 
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attempted to supply this deficiency. Al- 
though largely a recital of pw^onal 
experience ana crowded with reminis- 
cences that have nothing to do with 
archaeology, it is a readable work that 
covers the ground thoroughly and gives 
an accurate account of the mysterious 
progenitors of the modem Indian. The 
illustrations arc good, the documentation 
weak, and there is no index. 



Anthropologia Criminal (Conferencias e 
Communicagdes ) . 

By Leonidio Kibeiro, Imprensa Nacional^ 

Rio de Janeiro. loj x 7^; xii + 97 + 

L7 plates; 1937 (paper). 

This volume contains a collection of 
papers presented and read by the author 
at several Portuguese universities and at 
the 1937 Paris Congress on L^al Medicine 
and Industrial Hygiene. The articles 
concern three subjects: juvenile delin- 
quency, homosexuality, and the effects 
of leprosy on fingerprints. The papers 
regarding the first two subjects contain 
mainly summary reviews of theories. 
The author is an adherent of the nco-Lom- 
brosian school of criminologists and be- 
lieves that delinquency as well as homo- 
sexuality represent manifestations of bio- 
logical variations and consequently arc 
medical more than police problems. Of 
particular interest are the observations 
presented relative to the changes in the 
fingerprints as a result of leprosy. Ap- 
parently this disease brings about the one 
exception to the fixity of fingerprints and 
creates a problem relative to police iden- 
tification. In turn, the author notes, 
this alteration may be of value in the 
study of the course of the disease. 



My Life. Autobiography of Havelock Ellis, 
Houghton Mifflin Co.y Boston. $3 .75. 8i 
X 51; xii + 647 + 8 plates; 1935. 
Havelock Ellis, stating his belief that 
‘*of all forms of prose, there is no form so 
precious in its nature and so permanent 
in its value as an autobiography”, defines 
the purpose of My Life as the “desire that 
my experience of life may help those who 


come after me to live their own lives”. 
The work emphasizes the “inner man” 
and is chiefly noteworthy for the im- 
passioned correspondence with his wife. 

The book was “an act of prolonged pre- 
cision in cold blood, bcjrond anything 
else that I have written**^ and was com- 
pleted only shortly before his death. The 
style is detachea, calm, rambling and 
reminiscent, enlivened only by the cor- 
rc^ndcncc. 

The noble plan of showing that “this 
is life” achieves more of ashes and dust 
than of living. Of itself, the book, 
though bcautirally written, arouses no 
intensity of interest. Any permanent 
value that the autobiography may pos- 
sess lies in the fact that it serves as a docu- 
mentation of the actually far more in- 
teresting life and times of its famous 
author. 



Family Income and Expenditures: Plains 
and Mountain Region. Part One^ Family 
Income. U. S. Department of Agriculture. 
Miscellaneous Publication No. ^4;. Con- 
sumer Purchases Study. Urban and Village 
Series. 

By Gertrude S. Weissy Day Monroe and 

Kathryn Cronister. Government Printing 

Offlee^ Washington. 30 cents. 9J x 5^; 

iy + 330; 1939 (paper). 

This investigation was carried on from 
January 1935 to December 1936, in several 
small cities and villages in the Plains and 
Mountain Regions of the west, and covers 
the pooled income of native-born families 
consisting of husband and wife, children, 
and others living with them. The in- 
come, both earned and unearned, is 
broken down and studied statistically 
from many angles. The numerous tables 
recorded should be of value to students of 
socio-economics. They may also be use- 
ful and enlightening in the study of 
population — all this provided the results 
inaicated by the different tables can be 
relied upon as to the information upon 
which they are based. One gets the im- 
pression that some of the data used might 
not be reliable. This seems to apply 
principally to the on income 01 the 
different groups. There does not seem 
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to be zny method of checking statements 
made as to income. 



The Eyak Indians op the G>pPEa River 
Delta, Alaska. 

By Kaj Birket-Smith and Frederica de 
Laguna. University of Pennsylvania 
Press^ Philadelphia; Levin and Munks^ 
gaardf Copenhagen. $6.00. 9^ x 6; 591 
+ 17 plates + I folding chart; 1938 
(paper). 

This long and somewhat rambling ethno- 
logical account of the Eyak Indians is 
based upon material gathered by the 
authors during an archaeological and 
ethnological expedition to Prince William 
Sound &ring tne summer of 1033. 

In the first part of the report the authors 
discuss in detail the various phases of 
Eyak material, their social and intellec- 
tual culture. Part II, devoted to native 
folk lore, consists largely of a series of 
stories and legends which the authors 
have repeated as nearly as possible in the 
language of their native informants. 
Some of these are quite delightful in their 
simplicity. Part 111 is a critical analysis 
of the previous work on the Eyak, and 
Part IV attempts to analyse the various 
forms of Eyak culture discussed in Part I. 

Appendices include a genealogical 
table and over 15 pages of Eyak vocabu- 
lary. Some excellent photographs, maps 
and a few text figures supplement the 
work. There is also an extensive bib- 
liography. 



People. The Quantity and Quality of Popu- 
lation. 

By Henry Pratt Fairchild. Henry Holt 
and Co.^ New York. $3.00. x 5^; 
[6] + 315. + 8 plates; 1939. 

This is a discussion of the quantitative 
and qualitative aspects of population with 
the mathematics omitted. Specialists 
who enjoy reading vital statistics can ob- 
tain them from other sources, but the ob- 
ject of this work is to stimulate interest 
in population problems among those who 
have had no social preparation for quan-r 
titative work. 


The doctrine of Malthus is discussed 
with great clarity, and is interpreted in a 
somewhat diflferent form from its popular 
conception. The problems attending 
birth control and the qualitative asp^t 
of population, i.e., eugenics, are dis- 
cussed lucidly. The index is very analy- 
tic and covers 15 pages. 



Rural Migration in the United States. 
Works Progress Administration ^ Division of 
Research. Research Monograph XIX. 

By C. E. Lively and Conr^ Taeuber. U. 
S. Government Printing Office^ Washington. 
9f X 6f; xxi + 19^ + il plates; 1939 
(paper). 

As a basis for the WPA programs of un- 
employment relief and guided migration, 
the movements of rural population have 
been studied both before and since 1930. 
The analysis is based on census data, and 
on data gathered directly from ix,ooo 
rural families in field surveys. Wide- 
spread economic need in rural areas is 
made clearly evident. 
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Celluloid Safari. Filming Big Game 
from Cape to Cairo. 

By Stirling Gillespie. Photographs by 
J. Blake Dalrymple and the Author. 
Blackie and Son^ London and Glasgow. 
los. 6d. net. 8J x 5^; x + 178 63 

plates + I map; 1939. 

This is the record of the experiences of two 
young Scotsmen who traveled from Cape- 
town to Cairo in **Big Bertha**, a Ford 
V8 sedan, covered more than L5 ,ooo miles 
mainly along the eastern coast of Africa, 
and arrived in Cairo three days sooner 
than the 455-day allotted schedule. The 
purpose of the expedition was to photo- 
graph and film educational material on 
the native life and wild animal life of 
Africa for the use of British and Empire 
Schools. The book is written in a highly 
entertaining conversational style, and no 
one who reads it will be able to suppress 
laughter over the difficulties incurred by 
the young men in getting “Big Bertha*^* 



NEfV BIOLOGICAL BOOKS 


139 


to Cairo. Very interesting to photog- 
raphers will be the descriptions of the 
stalking of big prey with cameras. 
*lt was strange that we had come through 
Africa without a rifle or shot-gun. . . . 
But at no time were we tempted to destroy 
the creatures we were photographing, nor 
did we find it necessary to kill in self- 
defense, except in the case of two deadly 
snakes." There are many amusing anec- 
dotes about the natives, especially about 
the Zulus who cast aside all things native 
as contemptible. These natives had 
donned such European clothing as moth- 
eaten football jerseys, tarns, berets, felt 
hats, while some, preferring to exhibit 
their entire wardrobes, would wear as 
many as three greatcoats on the most 
sweltering days. This book gives an 
excellent picture of the population of 
Africa, both white and native, its wild 
life, and the topography of the land with 
emphasis laid on the traveliM conditions 
on man-made routes and on the beaten 
tracks. There are numerous full-page 
photographs. On the front end-paper 
there is a map showing the route taken 
by the two photographers. 



My Friends the Baboons. 

By Euginc N. Marais. Methuen and Co., 

London. 5s. net. 7J x 5J; vii + 124; 

1939- 

The author believes that 

If mankind wishes to escape the doom which now 
threatens its existence on earth; if, in the last ditch, 
man still wishes to hght unrelenting nature, it would 
appear possible only by the adoption of one strategical 
measure and that is the variation from type ana the 
great increase in population must be stopped in some 
scientific way. For this purpose science must be 
called in, and the first step towards acquiring the 
necessary knowledge to arm man for his last struggle 
for existence is a thorough study of the animal species 
most nearly related to man— the apes and anthro- 
poid apes. 

This account of the activities of a colony 
of baboons of South Africa is interesting, 
but not entirely convincing. We doubt 
that mankind will be saved by a study of 
this nature. The entire account of the 
behavior of these apes is tinged with the 
author’s anthropomorphic conception of 
how they should behave, and as a con- 


sequence one becomes skeptical. This is 
unfortunate, for there is much material 
gathered here for the first time on the 
social life of baboons in their wild and 
natural state. 

In one of the chapters the author ex- 

E ounds the theory "that birth-pain is the 
ey that awakens the psvchological im- 
petus of mother-love.** ^‘In the baboon 
mother-love reaches a higher stage of 
development than in any other animal in 
our country and the birth-pain she suffers 
is proportionate to it.** 



Wild Animals. Great Wild Animal Stories 
of Our Day. 

Compiled by Frances E. Clarke. The 

Macmillan Co., New York. $1.50. 

8Jx5J;x + 335; 1939. 

The charm or this collection lies not only 
in its beautifully written stories and 
essavs (15 in number), but also in the 
well-selected diversity of its subject mat- 
ter and appeal. For the reader who de- 
sires an essay on the spiritual side of 
nature and the conservation of its wild life 
and plant beauty, there is the article 
"Thou Shalt Not Kill", by James Oliver 
Curwood who died before this, his last 
article, could be put into type; for the 
reader who likes a story of nature with a 
dash of Tolstoi-like religious moral at the 
conclusion, there is "The Truce of God," 
by Laurence Housman. For one who 
likes a good animal story with action, 
but no sentimentality, there is the story, 
"The Black Coyote," by Myron M. 
Stearns; for one who likes an animal 
story with a tinge of sentimental tragedy, 
there is the story of the giant ape mother 
*'The Prisoner," by Madelon Lulofs. 
For the reader who likes his story with a 
dash of comedy there is the story of 
Ulysses Skunk entitled "The Lord of the 
Trail", by Kenneth Gilbert. Muztagh, 
the great white Indian elephant; Ales- 
sandro, the little hurdy-gurdy monkey 
who returned to the jungle to dance be- 
fore his jungle relatives in a green pea- 
jacket; Toe Dokes, the African-born circus 
lion who was a beloved retired veteran 
of the Grand Amalgamated Circus; and 
Koala, the little Australian marsupial 
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bear, are some animal-heroes, about whom 
not-to-be-forgotten stories have been writ- 
ten, that have been included in this ex- 
cellent anthology. 

American Mammals: Their Lives ^ Habits^ 
and Economic Relations. 

By W. J. Hamilton^ Jr. McGraw-Hill 

Book Company^ New York and London. 

$3.75. 9x6; xii + A34; 1939. 
Mammalogists, naturalists, sportsmen, 
and biologists will rejoice to near that 
there is finally available an up-to-date 
book on the biology of mammals. Pre- 
vious works have heretofore been limited 
in scope, usually being either taxonomic, 
distributional, or economic, with scat- 
tered notes on behavior and life history. 
Hamilton j^esents a general and broad 
review of the lives, habits, and economic 
relations of American mammals. 

The book properly starts out with the 
ancestry and classification of the mam- 
mals, followed by chapters on their 
general biology which include their adap- 
tations, food, reproduction, homes, hiber- 
nation and migration, pcmulations, be- 
havior, and distribution. The final chap- 
ters are devoted to the economic impor- 
tance of these animals, their usefulness 
and destructiveness, and their value as fur 
and game. 



The Way of a Lion. 

By Alden G. Stevens. Drawings by George 
F. Mason. Frederick A. Stokes Co.^ New 
York. $1.75. 8f X 5J; xvi + 14A; 193^. 
The Way of a Lion represents the best in 
animal stories. It is a far cry from the 
usual sentimentalized fiction. This is 
not the life history of an imaginary lion, 
but one which tne author hiniself has 
seen and about which he has heard much 
from the Masai warriors of East Africa. 
The hero, a great giant of a lion with a 
massive head, is not only picturesque but 
full of cunning. His prowess as a hunter 
had spread the length and breadth of the 
Serengetti. The author, however, does 
not just present the lion as a mighty 
monarch of the jungle. The reader is 


told of the lion’s birth (ca. 1920) in a 
cave on a hill somewhere north of Ngoro 
Ngoro, his awkward cubhood, his or- 

E haned, lonely life as a cub in the bush, 
is youth and mating, his supremacy as a 
loro of the plains, encounters with men 
and animals, and ^ally, death met cour- 
ageously and in the prime of life. Here is 
a story that is realistic, but not senti- 
mentalized; vivid, but not sensational. 
TTie story has a rich setting — the plains 
and forests of East Africa with the in- 
tensely hot sun of the “blue, blue sky of 
Africa” blazing down upon all. There 
are seven full-page drawings and numerous 
marginal sketches. A fascinating record 
of animal life for adults and children from 
iL on. 



Destructive and Useful Insects: Their 
Habits and Control. Second Edition. 

By C. L. Metcalf and W. P. Flint. 

McGraw-Hill Book Company^ New York 

and London. $7.50. 9x6; xvi + 981; 

1939- 

The great advances in the science of in- 
sects, especially in the field of economic 
entomology has made a coiMlcte revision 
of the first edition (Q. R. B., Vol. 4, p. 
436) of this book necessary. The methods 
of insect control with insecticides of 
arsenic and lead have been replaced, life 
histories have been worked out, and the 
bionomics, morphology, and physiology 
of insects have progressed to such an 
extent that nearly every page of this huge 
text has been altered. 

An interesting new feature is a key to 
the orders of insects in their immature 
stages in addition to the usual key to the 
adults. The first part of the Dook is 
devoted to the morphology, development, 
and classification of insects, followed by 
chapters on insect control. From this 
point on the insects are described accord- 
ing to the host plant or animal. The 
insect’s importance, the type of injuiy 
it incurs, the plants attacked, its dis- 
tribution, life history, appearance, and 
habits are all part of the information given 
for each species. Following the dis- 
cussion are one or more references to more 
detailed works. 
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This excellent textbook is profusely 
illustrated and well indexed. 


Stanford Ichthyological Bulletin. 
Volume I, Numbers i, l, 3, and 4. 

Edited by George S, Meyers, Natural 
History Museum^ Stanford University^ Cali- 
fornia, In exchange for journal or 
serial containing material of ichthyo- 
logical or fisheries interest. 10 x 6J; 

Nos. I and z, 1938, Nos. 3 and 4, 
1939 (paper). .... 

This new Bulletin, which will be issued 
irregularly depending on the material at 
hand, is introduced as a vehicle for the 
publication of the results of ichthyological 
research originating in, or connected with, 
the Natural History Museum of Stanford 
University. Systematic revisions, phylo- 
genetic studies, and correlations or scat- 
tered works in classification will be given 
precedence over mere lists or reports on 
collections. 

The present numbers are concerned with 
the following subjects: West Indian clu- 
peid fishes of the genus Harengula; Two 
new gobiid fishes of the genus Gobiosoma 
from Lower California; Contributions 
toward a revision of the ophichthyid 
eels. I. The genera Callechelys and Bas- 
canichthys^ with descriptions of new spe- 
cies and notes on Myrichthys\ A review of 
the myctophid fishes of the Pacific coast 
of the United States and of Lower Cali- 
fornia. 


The Care of a Small Rat Colony. 

By Kolland J, Main, C, V, Mosby Co,^ 

St, Louis, $z.oo. X 5}; loi; 1939. 
Careful planning is as necessary for the 
successful colonization of rats as it is 
for any other group of the animal king- 
dom that is to be subjected to experi- 
mentation. The present treatise is a 
report of the “experience rather than a 
discussion of the entire field” in the estab- 
lishment of a small rat colonv at the 
Medical College of Virginia, ano includes 
* ‘that information of which we were in dire 
need when starting the colony. ’ ’ Existing 
publications gave some valuable infor- 
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mation (a list of 15 titles is given in the 
appendix, which also contains a list of 
firms where cages and equipment, and 
feeds can be obtained), but mostly it was 
by the method of “trying and rejecting 
various procedures” that the satisfactory 
methods herein described concerning 
equipment, hygiene, rearing, feeding, and 
many phases of daily routine were 
obtained. Included in the text are il- 
lustrations of apparatus and charts. A 
number of amusing rat caricatures, drawn 
by Dr. Margaret Pennington, are used as 
chapter tailpieces. An excellent index is 
provided. 

The Butterflies of the Niagara 
Frontier Region and Beginner s Guide for 
Collectingy Rearing and Preserving Them, 
Bulletin of the Buffalo Society of Natural 
Sciences^ Volume XiX, Number 1, 

By William Wild, Buffalo Museum of 

Science PresSy Buffalo^ N, Y, $1.00. 

^ 9 f X 55; 1939 (paper)- , ^ 

The list of eight families of butterflies 
native to the Niagara frontier region will 
be of interest to onljr a limited number of 
naturalists working in that region. How- 
ever, the monograph contains much that 
will be of interest to everyone everywhere 
whose studies concern the Lepidoptera. 
The discussions on the life history of 
butterflies in general, the methods of 
collecting, rearing, and preserving butter- 
flies and moths will appeal to the latter 
group. 

In the matter of classification, the 
author has followed McDunnough’s 
Check List of 1938. 

The iz figures, the 8 plates carrying 88 
illustrations, the bibliography of ii titles, 
and the complete and well-arranged index 
serve the volume well in its intended 
purpose as a field guide and reference book. 


/ 


A Laboratory Guide in Entomology: 
For Introductory Courses, 

By Robert Matheson, Comstock Publishing 
Co,yIthacayN.Y, $z.oo. iiX7f;vii-f- 
135 i I939- 

This well-planned and carefully-prepared 
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manual is intended for use in the labora- 
tory work connected with an introduc- 
tory course in entomology. The nature 
of the work is such that a fundamental 
knowledge of invertebrate zoology is 
prereq^uisite for undertaking it. The 
material is organized around the taxo- 
nomic and general biological aspects of 
entomology. The first nine studies are 
devoted to the external structure and 
metamorphosis of a typical insect. There 
follows, in studies X to XXI, a series of 
discussions on the characteristics used in 
classifying the principal families of ten 
orders of our common insects. Studies 
XXII to XXVIII deal with the behavior 
and economic importance of several groups 
of insects, particularly insect pests. 

An appendix dealing with methods of 
collecting, preparing, mounting, preserv- 
ing and rearing insects, and an informative 
glossary serve to round out this compre- 
hensive and authoritative laboratory 
manual. 



Canadian Land Birds. A Pocket Field 
Guide, 

By P. A. Taverner, Illustrated by Allan 
Brooks, F, C. Hennessey and P, A, Tav- 
erner, David McKay Co,, Philadelphia, 
$1.50. 6i X 4J; 177; 1939. 

This colorful field guide of Canadian birds 
will undoubtedly acquire immediate pop- 
ularity amonc professional as well as 
amateur ornithologists. 

The early chapters deal briefly with the 
following subjects: (i) methods of bird 
study; (i) methods of attracting birds to 
our gardens; (3) plans for building bird 
houses; and (4) the topography of the 
characteristic land bird. There follows a 
comprehensive field color key, and finally 
a listing of some thirty-eight families of 
familiar Canadian birds, together with 
brief notes on the size, field marks, voice, 
habitat, nest and eggs of each group. 
The scientific nomenclature follows the 
check list of the American Ornithologists’ 
Union (1931) edition. The carefully 
drawn and beautifully colored plates 
greatly enhance the value of the volume 
as a pocket guide. 


Fibldbook of Illinois Land Snails. 
Manual 2. 

By Frank C, Baker, Natural History 

Survey Division, Urbana, III, $1.00. 

7J X 4J; xi + 166; 19J9. 

This is a perfect example of what a field 
book should be. The brief introduction 
contains an account of the anatomy of a 
land snail, instructions for collecting 
shells and displaying them in a cabinet, 
and descriptions of the physiography and 
geology or Illinois. The systematic por- 
tion or the book is exhaustive, covering 
all snails known to have been taken in the 
state, whether native or exotic. Of each 
one there is an excellent drawing. Snails 
whose presence is doubtful are Hsted 
without illustration, but with a biblio- 
gr^hic reference in an appendix. 

There is a topical index of six pages and 
a systematic index of one, yet the book 
can be comfortably carried in the coat 
pocket. A field book of this sort will be 
welcomed by every field malacologist. 



An Introduction to Animal Biology. 

By John B, Parker and John J, Clarke, 

C, V, Mosby Co,, St, Louis, $3.75. 

8ix5i; 503; 1939. 

Taking Agassiz’ advice to “Study Nature, 
not books,” the authors intend their 
book to be used in conjunction with a 
laboratory course covering essentially the 
same material. With a few exceptions 
each chapter could be used as the basis of 
a laboratory exercise, yet there is a suf- 
ficient amount of theoretical material in- 
cluded to make a well-rounded text. The 
authors, who arc on the staff of the 
Catholic University of America, have 
been particularly careful in their handling 
of topics that touch on religious faith 
and morality— for example, the para- 
graphs on evolution and the statements on 
venereal disease. There arc many il- 
lustrations. 



Sbpia. L,M,B,C, Memoirs on Typical Brit- 
ish Marine Plants and Animals, Edited by 
R,L Daniel, XXXIL 
hy David H. Tompsett. University Press 
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of Liverfoolf Liverpool, iis, €d, net. 

^ X 6; vii + 184 + 24 plates; 1^39. 

This is a very thorough anatomical study 
of one of the more plentiful species of 
Cephalopods in European waters. It is 
of course highly technical and of no special 
interest except to the systcmatist. The 
most striking anatomical feature of this 
squid is the hcctocotylus, which is never 
detached, but is used by the male to 
transfer the spermatozoa from its own 
mantle cavity to the bursa copulatrix of 
the female. There is nothing in the 
treatise about the cleavage of the egg, or 
any embryological processes, and natu- 
rally, nothing about the probable 
evolution of Cephalopods from the prim- 
itive molluscan type, though this latter 
is figured and briefly described. The 14 
plates are beautifully prepared. 



The Teamplino Herd. The Story of the 
Cattle Range in America, 

By Paul L Wellman, Illustrated by F, 
Miller, Carrick and Evans^ New York. 
$}.CX 3 . X 5f; 433; 1939. 

In 1311 an enterprising Spaniard brought 
6 or 7 calves to Mexico. They thrived 
and multiplied, and the business of rais- 
ing cattle flourished beyond the Rio 
Grande. The “trai^ling herd*’ gradu- 
ally displaced the buffalo &om the prairies 
to the north; and by the middle of tne 19th 
century they grazed on open range as far 
as the CanacHan border, and from the 
Mississippi to the Rockies. The brief 
era of the traditional “old west*’, of Billy- 
the-Kid, Wild Bill Hickok, and Wyatt 
Earp, of recorded “trail-drives**, booming 
cow towns, and gun fights, marked the 
disappearance of the open range. Mr. 
Wellman’s story of the transition from 
free land to fenced fields reveals the chang- 
ing balance between a rapidly growing 
population and its natural resources. U 
IS an interesting book, as readable as the 
author’s novel of cowboy life, Jubal 
Troop, 



The Geese Fly High. 

By Florence P. Jaques, Illustrated by 
Francis L, Jaques, University of Min- 


M 3 

nesota Press^ Minneapolis, $3.00. 10^ x 
^ 7i; [6] + 103; 1Q39. 

The Rainey Wild Life Sanctuary, now 
owned by the Audubon Society, is the 
principal setting of this book. Mrs. 
Jaques vividly describes how she and her 
husband followed the ducks and geese in 
their southward migration, and observed 
them from the Louisiana marshlands. 
The volume contains little of biological 
interest, but is rather devoted to details of 
the charms and chafes of the rugged 
existence led by the vacationers. Other- 
wise it is a series of excellent action pic- 
tures done in black and white by Mr. 
Jaques, and colored in the words of his 
companion. 



Food Habits of Prairie Dogs. U, S. 
Department of Agriculture, Circular No, s^g. 
By Leon H. Kelso, Government Printing 
Office^ Washington, 5 cents. 9! x ^ 
14; 1939 (paper). 

This short bulletin presents the results of 
laboratory analyses of the stomachs of 
some 545 North American prairie dogs. 
About 97.47 percent of the diet of the 
three species examined was made up of 
vegetation; 78.32. percent being repre- 
sented by plants important for forage or 
crop value, and about 19.15 percent by 
those unimportant for these purposes. 
The animal matter (1.53 percent) eaten 
by these forms consisted mostly of cut- 
worms, grasshoppers and ground beetles. 

A list of II bibliographic references is 
present. 



Field Guide to Lower Aquarium Ani- 
mals. 

By Edward T. Boardman, Cranbrook In- 
stitute of Science^ Bulletin No, j 6, Bloom- 
field Hills f Mich, $1.00 (paper); $1.50 
(cloth). 9x6; 186; 1939. 

This bulletin was designed primarily “as 
an easy reference for amateur naturalists 
and nature counsellors who wish to know 
what lower animals can be kept in home 
aquaria.** Fishermen will also find this 
book full of useful information concern- 
ing fish food and fish bait. The text 
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concerns itself mostly with the habitats 
and habits of these animals, and the il- 
lustrations aid their identification. There 
is a selected bibliography and a glossary. 



The External Anatomy op the Larva 
OF THE Pacific Coast Wireworm. U. S, 
Department of Agriculture. Technical Bul- 
letin No. 6g^. 

By H. F. Lanchester. Government Print- 

ing Office^ Washington. lo cents. 9J x 

5il 40; 1939. 

This study forms part of a general program 
of investigation directed toward the 
economic control of wireworms in the 
Pacific Northwest. It is preliminary to 
comparative studies of the several species 
of wireworms found in that general sec- 
tion. The later studies will be primarily 
taxonomic, but based on this morphologi- 
cal study. The descriptions are accom- 
panied by line drawings and the work 
concludes with a bibliography of 12. 
titles. 



Animalium Cavern arum Cataloous. 
Pars 12^ 13, 14. 

By B. Wolf. W. Junk, The Hague and 
's-Gravenhage. Single copy Dutch FI. 
10.60; subscription price Dutch FI. 8. 
loj X 7J ; xgS; 1937-38 (paper)- 
These numbers of a thorough catalogue of 
cavern fauna throughout the world con- 
tain authors from NOR to SCH, a list of 
the caves of Jugoslavia, a supplement 
containing data on phyla found during 
and after the preparation of the previous 
parts, and the index for Volumes I to 
III. Previous parts have been noticed 
in Vol. 10, p. 104 and Vol. ii, p. 103 of 
this Review. 



University of California Publications 
IN Zoology. Vol. 4^, Nos. ii, 12, zg. 
Organogenesis in the Gasteropod Crepidula 
a£tnca Sowerby, by C. E. Moritz; The 
Development of the Heart in the Rat, by Paul 
L. Burlingame and J. A. Long; The Early 


Embfyology of Triturus torosus, by J. Frank 
Daniel and Evangeline A. Yarwood. 
University of California Press. 50 cents 
each. loj x 6J; No. ii, 31; No. il, 71; 
No. 13, 36+8 plates; 1939 (paper). 
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The British Islands and Their Vegeta- 
tion. 

By A. G. Tansley. The Macmillan Co., 

New York; The University Press, Cam- 
bridge. $16.00. 10 X 6f; xxxviii + 

930 + i6i plates; 1939. 

This book is intended to replace Types of 
British Vegetation — publishecl in 1911, and 
out of print for the last 10 years. Tan- 
sley writes in the preface: 

The knowledge of our natural and semi-natural plant 
communities is much wider and especially much 
deeper than it was in 1911. On the other hand, vari- 
ous problems that we then envisaged as relatively 
simple have shown themselves upon further study to 
be very complex indeed and not ytt susceptible of 
satisfactory solution. Thus the writing of this book 
has been a very different task from the writing of 
Types. In 1911 we wrote practically all we knew and 
a good deal that we guessed; and though many of our 
guesses were not far from the truth others have not 
unnaturally turned out to be wide of the mark. 

Although the book has been constructed 
on the compilation plan it is far more than 
a compilation, as the reader quickly per- 
ceives. The author’s very wide knowl- 
edge of ecology and extensive experience 
in appraising available information on 
British plant communities have enabled 
him to present a comprehensive treatise 
which will long serve as a guide for the 
investigator and student. The 43 chap- 
ters (with references) are arranged under 
the following main headings: The Brit- 
ish Islands as environment of vegetation; 
History and existing distribution of vege- 
tation; The nature and classification of 
vegetation; The woodlands; The grass- 
lands; The Hydroseres: Freshwater, marsh, 
fen and bog vegetation; Heath and moor; 
Mountain vegetation; Maritime and sub- 
marine vegetation. The numerous il- 
lustrations and excellent working index 
help to make this a standard reference 
work of the first rank of importance — one 
that should be made available to all stu- 
dents of ecological problems. 
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I Cbrbali Dell’ Africa Italiana. J. I 
frummti deW Africa Orientate Italiana studiati 
su materiali originali. 

By Raffaele Ciferri and Guido R. Giglioli. 
Preface by A. Maugini. Regio Istituto 
Agronomico per P Africa Italiana^ Firet^e. 
40 Lire. 9f X 6f ; ix + 198 + i folding 
chart; 1939 (paper). 

After the conquest of Ethiopia, the Italian 
government has directed its major efforts 
to the development of the agricultural 
production of the country so that it would 
at least satisfy the local needs and, hope- 
fully, increase the food supply of Italy. 
Extensive and intensive research in agri- 
culture and the allied branches of science 
have therefore been greatly encouraged 
and among others a large scale investiga- 
tion on grain cereals has been systematic- 
ally organized. The initial step in this 
investigation has been a survey of the 
cereals that have been acclimated in 
Ethiopia and this monograph is the first 
of a scries of reports on the observations. 
It is concerned with the taxonomic classi- 
fication of the species and varieties of 
Triticum found. Altogether 193 varieties 
arc described in full and illustrated. Of 
this number 97 varieties belong to T. 
turgidum abyss,^ 91 to T. durum abyss, ^ 
60 to T. vulgare Qi^latum) and the re- 
maining belong to T. dicoccum^ T. pyra- 
midale^ T. polonicum and T. compactum. 
Specimens of other kinds of Triticum not 
heretofore described have also been un- 
covered but whether they represent stable 
varieties or simply hybrids will have to 
be decided by genetic experimentation. 
The geographic distribution of the species 
and varieties as well as their frequency arc 
also described. It is a thorough ana im- 
portant contribution to the subject and 
one which brings to date, extends and also 
clarifies the observations of Kocrnickc, 
Chiovenda, Pcrcival and Vavilov. 



Earth's Grbbn Mantlb. Plant Science 
for the General Reader, 

By Sydney Mangham, Foreword by Sir 
Arthur W, Hilt, The Macmillan Co,^ 
New York. $3.50. 8f x 5f; 3x1 + 40 
plates; 1939. 

In this popularly written account of plant 


life the author discusses with scientific 
accuracy the various aspects of plants 
and their relation to the environment. 
He attempts to give a realization of the 
true significance of the plant in human 
affairs. With the aid of photographic and 
other illustrations, he outlines tne story 
of man's continuous efforts to imderstand 
and utilize the wealth of plant life; of the 
parts played by other branches of science 
in the development of plant knowledge; 
and of the use made, and perhaps yet to 
be made, of such knowledge. He tells 
something of the history of the use of 
plants; of the early explorations and dis- 
coveries when the search was for spices 
from the orient, of the sixteenth century 
immigration of the potato from Soutn 
America to Europe; and of the Dutch use 
of marram grass to stabilize sand dunes 
and cord grass to reclaim shallow lands 
from the ocean. 

An appendix contains suggestions for 
further reading, and there is a long and 
complete index. 



Magic Gardens. A Modem Chronicle of 
Herbs and Savory Seeds. 

By Rosetta E. Clarkson. Illustrated from 
the Old Herbals and Ancient Gardening 
Books. The Macmillan Co.^ New York. 
$3.00. 8J X jj; xviii + 369; 1939. 
Magic Gardens has been, perhaps uncon- 
sciously, in the making for many years. 
The author, an ardent herb cultivator at 
Salt Acres, her place in Connecticut, and 
editor of the Herb Journal^ is an assiduous 
collector of literature on the subject — 
much of which goes back to very early 
times. Herein she writes enthusiastically 
and entertainingly of the i6th century 
"knotted" gardens of England, the "par- 
terres" of France, the mazes and labyrinths 
of early Roman and Egyptian times. 
Detailed descriptions of something over 
zoo plants are given and their uses in 
medicine, cooking, potpourris and sachets. 

**From undated times herbs of the held have play^ 
an almost unbelievably (jrominent part, not only in 
the life of the individual in his own home, but in the 
existence oi civilized nations. . . . Today, any fra- 
grant flower or leaf is almost ceruinly a descendant 
oi an old-time herb." 



246 


THE QUARTERLY REVIEiV OF BIOLOGY 


The volume is illustrated by reproduc- 
tions from old herbals and prints and 
concludes with indexes of books and 
authors, of herbs, and of subject matter. 



Book of thb Broadleaf Trees. The 
Story and the Economic, Social, and Cultural 
Contribution of the Temperate Broad-Leaved 
Trees and Forests of the world. 

By Frank H. Lamb. W. W. Norton and 
Co., New York. $3.75. 8i x 5f; 367 + 
41 plates; 1929. 

Anyone who nas ever stood under some 
famous elm or oak and tried to visualize 
the historic scenes that occurred within 
sight of its ancient trunk, or anyone who 
has entered a forest and felt thrilled and 
somewhat awed at the majestic dignity of 
its trees will renew these pleasures by 
reading this book. It is not a scientific 
treatise on trees, but an account of their 
history, romance, uses, beauty. The 
author has travelled widely and his first- 
hand experience enables him to speak 
authoritatively. He is acquainted with 
the Australian eucalyptus and African 
baobab, as well as with the birches of 
our North and the live oaks of the South. 
All those having any interest in broad 
leaf trees, whether from an economic, 
scientific, or historic standpoint, will not 
only find this book interesting but in- 
formative. It is well illustrated. 



Propagation of Horticultural Plants. 

By Guy W. Adriance and Fred. R. Brison. 

McGraw-Hill Book Co., New York and 

London. $3.00. q x 6; ix + 314; 1935. 
An excellent text for students in horti- 
culture. 

The essential features of plant structure and repro- 
duction have been introduced in their relation to seed 
production, root formation, wound healing, and other 
practical phases of plant {^opagation. The methods 
of asexual propagation, including bulbs, la^erage, 
cuttage, budding, and grafting are considered m com- 
prehensive form. 

Included also are detailed discussions 
of the propogation of certain important 
species, sutm as the peach, plum, apricot, 
cherry, almond, apple, grape, etc. Sec- 
tions arc devot^ to plant diseases, trans- 


planting, and the growing and h^dling 
of nursery stock. The volume is well 
documented and illustrated and has an 
adequate index. 

* 

Introduction to Floral Mechanism. 

By S. G. Jones. Chemical Publishing 

Co., New York. $4.00. 8i x 5I; xi + 

2 - 74 ; 1939* 

This book, for students in technical col- 
leges and first-year university students, 
ives a new approach to the study of 
owering plants. Emphasis is put on the 
flower as the mechanism of inheritance and 
the structure, development and functions 
of flowers arc studied from this point of 
view. Recent developments in cytology 
and genetics arc applied to heredity, 
hybridization and plant breeding. The 
latter part of the book (Part II) discusses 
the keyi^ of a plant to its taxonomic 
group. Tnis part systematically treats 11 
selected families ot monocotyledons and 
dicotyledons. The 70 original, full-page 
illustrations are finely done and add much 
to the value of the text. There is a small 
lossary of terms. The index is well done 
ut the bibliography is brief and not 
entirely adequate. 



Edible Wild Plants. 

By Oliver P. Medsger. With an introduc- 
tion by Ernest T. Seton. The Macmillan 
Co., New York. $3.50. 8 x 5; xv 

313-1- 16 plates; 1939. 

In this comprehensive and useful hand- 
book the author describes in detail 69 
species of edible fruits and berries, 33 of 
salad plants and potherbs, 9 of roots and 
tubers, II of sugars and gums, 15 of nuts, 
10 of beverage and flavoring plants, 15 of 
seed and seed pods, and lists many more 
with brief descriptions. In addition to 
the regular index and in the place of a 
k^, the author has included an excellent 
“finding index” which gives the names 
of plants, both common and scientific, 
with the range, season, and a few of the 
most pronounced characteristics. The 
volume is well illustrated with pen and 
ink drawings and photographs. There 
is, however, no bibliography. 
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Laboiiatory Manual for General Bac- 
teriology. Second Edition. 

Compiled by George L. Peltier^ Carl E. 
Georgi and Lawrence F. Lindmn. John 
Wiley and Sons^ New York; (Chapman and 
Hally London. $i.oo. loj x 8^; viii + 
^79i ^939- 

This manual, a second edition of a 1^38 
publication, is concise and comprehensive. 
There are 57 exercises in all, but the 
authors intend that tho instructor shall 
make his own selection to suit the partic- 
ular needs of his class. In this way the 
manual can be used for classes primarily 
interested in agriculture, home economics, 
or sanitary engineering, or for general or 
pre-medical groups. Descriptive charts, 
tormulae for stains and media, and a 
bibliography are included. 


An Illustrated Manual of California 
Shrubs. 

By Howard E. McMinn. With a chapter 
on The Use of the California Shrubs in the 
Garden Design^ by Fred H. Schumacher. 
J. W. Stacey y Inc.y San Francisco. $5.00. 
9i X 6; xi + 689; 1939. 

North of Tehachapi there are more flower- 
ing plants than in any other state, and 
soutn of them there are more than twice 
as many. Probably never before has a 
work covering all of them been under- 
taken — certainly no more comprehensive 
work is conceivable. There are 775 
illustrations, a glossary, an index, a dic- 
tionary of taxonomic terms, and a bibliog- 
raphy, together covering 31 pages, also 
additional chapters on the ecology of 
wild plants and their use in the garden. 
All told, this is a complete work of 
reference, and every resident of the coast 
who owns his home should have a copy. 


Chemical Investigations of the Rhubarb 
Plant. 

By Hubert B. Vickery y George W. Puchery 
Alfred J. Wakeman and Charles S. Leaven- 
worth. Connecticut Agricultural Experi- 
ment Station y New Haven. Bulletin 424. 
L5 cents. 9x6; 157; 1930 (paper). 
Parts I and II of this Bulletin give the 
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details of separate experiments carried out 
with rhubarh leaves collected in two suc- 
cessive years from the same farm. The 
results of the analyses of these leaves, cul- 
tured in darkness and in light, are dis- 
cussed in terms of chemical mechanisms 
that have been proposed to explain the 
reactions that may take place in leaf 
tissues. An interpretation of the data in 
terms of modern views of plant metabolism 
has been attempted in Part III. The text 
is supplemented by numerous tables and 
there is a complete index. 


Vegetable Crops. Third Edition. 

By Homer C. Thompson. McGraw-Hill 

Book Co.y New York and London. $5.00. 

9 X 6; xi + 578; 1939. 

In this edition have been incorporated all 
the important advances which have been 
made in the application of scientific facts 
and principles to the successful production 
of vegetables and the successful handling 
of the products since the second edition 
was issued in 1930. This has frequentlv 
involved much revision, especially m suen 
subjects as fertilizer practices, soil reacr 
tion, the use of minor or trace elements to 
control malnutrition troubles, the control 
of diseases and insects and the packaging, 
handling, and storage of vegetables. 


Supplement to Root Nodule Bacteria 
AND Leguminous Plants. 

By Edwin B. Fredy Ira L. Baldwin and 
Elizabeth McCoy. University of Wiscon- 
sin Press y Madison. 50 cents. loj x 
6f; 40; 1939 (paper). 

To supplement the bibliography of 1073 
titles in the original volume of Koot 
Nodule Bacteria and Leguminous Plants 
(Q. R. B., Vol. VIII, p. 118) the authors 
have compiled a new list of: (a) jo titles 
omitted in the monograph; and (b) 48z 
titles of new literature. The supplement 
also cites 39 errata in the original mono- 
graph, and presents two additional in- 
dices; one to scientific plant names, and 
the other to author citations. 
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Orchids of Michioan. 

By Marjorie T. Bingham. Cranbrook In- 
stitute of Science^ Bloomfield Hills^ Mich. 
Bulletin No. //. $1.00 (paper); $1.50 
(bound). 9 X 6; 87 + 2.1 plates; 1Q59. 
The fifty-three different kinos of orenids 
found in Michigan are described in this 
bulletin in non-technical language for the 
lay naturalist. A key to the species fol- 
lows some introductory notes on their 
culture, distribution, and conservation. 
There are many illustrations of these rare 
plants, some of which arc in water color. 



Keys to the Phyla of Organisms: In- 
cluding Keys to the Orders of the Plant 
Kingdom. 

By Fred A. Barkley. Associated Stu- 
dent's Store^ Missoula^ Montana. 75 
cents. 8 x lof ; [4] + 39; 1939 (paper). 
A useful outline, particularly for courses 
in plant morphology. The keys were 
assembled from various sources but espe- 
cially from the writings of C. E. Bcsscy 
and J. H. Schaffner. The contents arc 
divicied as follows: A synoptic key to the 
phyla of organisms, keys to the orders of 
the various plant phyla, outline of the 
classification used, glossary, and refer- 
ences. 



Ten Year Progress Report 1918-1938. 
Black Rock Forest Bulletin No. 10. 

By Henfy H. Tryon. With an Introduc- 
tion by C. F. Korstian. Black Rock 
Forest^ Comwall-on-Hfidson^ New York. 
$1.^0. 9 X 5f; iv + 76; 1939 (paper). 
The Nitrogen Nutrition and Growth 
OF Certain Deciduous Trees of North- 
eastern United States. With a Discus- 
sion of the Principles and Practice ^ of Leaf 
Analysis as Applied to Forest Trees. Black 
Rock Forest Bulletin No. ii. 

By Harold L. Mitchell and Robert F. 
Chandler^ Jr. Black Rock Forest^ Com'- 
wall-on-Hudson^ New York. $1.00. 9 x 

si; vii + 94; 1939 (paper). 

A High-Duty Woodsaw. Black Rock For- 
est Papers^ Vol. j. No. i/. 

By Henry H. Tryon. Black Rock Forest^ 
Comwall-on-Hudson^ New York, ii x 8i; 
loo-ioi; 1939 (paper). 


MORPHOLOGY 

The Rise of Embryology. 

By Arthur W. Meyer. Stanford Univer- 
sity PresSf Stanford University^ Calif.; 
Oxford University PresSy London. $6.00. 
9 X 6; XV + 367 + 58 plates; 1939. 
Possibly no other branch of biology has 
had its history so well presented in our 
day as embryology; certainly no other 
branch has a written history which so 
interestingly displays the errant ways of 
man in his pursuit of knowledge. In 
evidence, the latest contribution of Ar- 
thur William Meyer may be offered. It 
aims to trace the growth of cmbryological 
ideas, beginning with the ideas on genera- 
tion held by primitive peoples, and pro- 
gressing through the ideas of scholars, both 
early and late, in order to try to discover 
“why our intellectual ancestors should 
have been led to entertain views which 
strike us as absurd” [the words were 
Huxley’s]. 

If to review past error is one way to 
avoid future absurdity, this book should 
be required reading for science students. 
So, too, the Quarterly Review of Biology 
asserted on the occasion of an earlier 
publication of Meyer. For students of 
preformation and epigenesis, the present 
work is indispensable. 

* 

A Laboratory Manual of Vertebrate 
Embryology. Anatomy of Selected Embryos 
of the Frogy Chick, and Pig. 

By F. B. Adamstone and Waldo Shum- 
way. John Wiley and Sons, New York; 
Chapman and Hally London. $1.2.5. ^ 

8J;yii + 87; 1939 (paper). 

The interpretation of serial sections is 
always difficult for the beginning student 
of microscopical anatomy; and the dif- 
ficulty is not overcome by drawing a few 
individual and supposedly representative 
sections. This new manual outlines a 
more promising method, as used at the 
University of Illinois. There the student 
of vertebrate embryology is required to 
make only informal sketches in the mar- 
ginal spaces provided in his laboratory 
manual, but he is required to study all of 
the sections in any given series, to identify 
the structures in them, and to learn to 



NE[V BIOLOGICAL BOOKS 


± 4 ^ 


recognize them by means of their diag- 
nostic features and their relation to each 
other. 



Anatomy of the Sheep’s Brain. A 
Laboratory Atlas for Students of Zoology- 
By E. A- Briggs- Angus and Robertson^ 
Sydney- 6s. net. Sf x 5!; xiii + 50 + 
8 plates; 1939. 

This brief text and the accompanying il- 
lustrations arc designed primarily for 
students pursuing a junior course of 
practical zoology. The structures de- 
scribed can all be observed with the un- 
aided eye, and the statements have been 
so formulated as to guide the dissector 
in making his own observations. No 
attempt has been made to provide the 
student with a comprehensive account of 
all the structural details which he will 
encounter in a complete dissection of his 
specimen. The descriptive matter is in- 
tended to serve as an introduction to the 
study of the principal points of interest 
in the mammalian brain. The book con- 
tains a detailed index and also a group of 
eight excellently-drawn and well-labeled 
plates which greatly enhance the value of 
the text as a laboratory manual. 



The Anatomy of the Bull Frog. 

By Richard R. Stuart. Denoyer’-Geppert 
Co., Chicago. 50 cents, ii x 8J; 30; 
1939 (paper). 

These thirty-three original drawings made 
by the author from his dissections of the 
bull frog, Rana catesbiana, should be of 
excellent visual aid to the beginner in the 
study of frog anatomy. The drawings are 
good-sized and simply labeled. As all 
directions and descriptions are omitted 
the drawings should be used with at least 
one descriptive text. The manual is 
divided into three sections of drawings — 
skeletal, muscular, and internal. There 
is a name index. 



Guide to the Study of the Anatomy 
OF THE Shark, the Necturus, and 
THE Cat. 


By Samuel Eddy, Clarence P, Oliver and 
John P- Turner. John Wiley and Sons, 
New York; Chapman and Hall, London. 
$1.50. 9x6; vii -t- 100; 1939 (paper). 
This manual is designed primarily for the 
course in comparative vertebrate anatomy 
given at the University of Minnesota, 
where the type forms are dissected in 
succession. Because of time limitations, 
less detailed studies are made on some or- 
gan-systems than on others, the muscular 
and skeletal systems being especially ab- 
breviated. 



PHYSIOLOGY AND PATHOLOGY 

Health in Handcuffs. 

By John A. Kingsbury. Modem Age 

Books, New York. 75 cents. 7J x 5J; 

ix + iLio; 1939 (paper). 

This is a very well written and compre- 
hensive piece of propagandizing on behalf 
of socialized health insurance. This is 
not to be confused with socialized medi- 
cine. The latter implies universal free 
medical service supported by general 
taxation, and seems just as radical a de- 
parture for today as our present socialized 
public school system did when first 
initiated. 

But there is nothing very radical about 
insurance against impairment of health, or 
rather the loss caused by it. We can 
already insure against loss by a multitude 
of other calamities — flood, fire, light- 
ning, theft, etc., and can purchase dis- 
ability benefits from many life insurance 
companies. 

In many parts of this country the hospi- 
tals are so far apart and the resident physi- 
cians so few that insurance providing for 
hospitalization and medical care has no 
practical value. To remedy this the 
Wagner National Health Bill (S. 1610) 
has been introduced into the Senate. 
This would provide for government estab- 
lishment of hospitals where needed and 
their maintenance, so that their ad- 
vantages would be readily available to all 
at a reasonable charge. Opposition to 
this bill has come chiefly from the Ameri- 
can Medical Association — the group who 
would probably benefit most from its 
passage, for under it the income of the 
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physician would be guaranteed, competi- 
tion would be eliminated, as well as the 
necessity for the physician to feel the 
patient’s purse as well as his pulse before 
diagnosing his case and prescribing treat- 
ment. 



Thb PaiNaPLEs of Insect Physiology. 

Biy F. B. Wigdesworth, E. P. Dutton 

and Co,^ New York. $8.00. 9} x 6f; 

yiii + 434;. 1939- . 

This new treatise on insect physiolo^ is 
an outgrowth of the author's small volume 
entitled Insect Physiology^ published in 
1934. Insects have been intensively stud- 
ied, and numerous books have appeared 
on their economic importance, life his- 
tories, taxonomy, and recently their 
morphology. All the experimental re- 
search on their physiology, however, has 
been published in scattered journals, and 
while much work has been done in this 
field, no one has ever synthesized the 
results. 

There are in all twelve chapters dealing 
with the integument, growth, the various 
organ systems, metabolism, water, and 
temperature. After each chapter there 
is an extensive bibliography, so that al- 
together over 1000 titles are cited. The 
fact that insects are so varied in kinds and 
habits makes it necessary to define which 
creature it is that a particular statement 
applies to; consequently the text is 
heavily loaded with generic names. 

This book is of great importance to 
biologists generally. Research workers 
using insects as supjects of experimenta- 
tion will attain more precise methods with 
a sound background in insect physiology. 
It will also fill a great want for economic 
entomologists, who in attempting insect 
control need a knowledge of their physiol- 
OOT in order to strike at the phase in the 
life cycle that is most vulnerable. 

A generous number of illustrations and 
an index add to the value of this impor- 
tant contribution to zoology. 

* 

Hormones in Invertebrates. 

By Bertil Hanstrom. Osdord University 

Press^ New York; The Clarendon Press^ 


Oxford. $4.13. 8f X 5i; ix + 198 + 13 
plates; 1939. 

As recently as 1933 the existence of definite 
endocrine substances and endocrine pro- 
ducing organs in invertebrates was denied 
by many investigators. In this excellent 
treatise Hanstrom has presented a most 
convincing account not only of the exist- 
ence of hormones in invertebrates, but also 
of the specific effects of a number of them 
on both vertebrates and invertebrates, as 
well as the effects of various vertebrate 
hormones on invertebrate organisms. 
Roller’s classification of invertebrate hor- 
mones, i.e., (i) ‘Zellhormone’, (l) ‘aglan- 
dul^e Gewebshormone’, and (3) *glan- 
dulare Gewebshormone’, is considered by 
the author to be logical and useful in 
discussing the problem, and the subject 
matter of the volume has been developed 
along these three lines. The range of 
material includes the recent work on the 
hormones influencing sex, reproduction, 
metamorphosis, and color change in a 
wide variety of invertebrate organisms. 

The text is carefully organized and well 
written in clear English. Numerous il- 
lustrations pertinent to the subject have 
been included. The indices of (i) authors, 
(i) scientific names, and (3) general 
subject matter, as well as the list of 860 
bibliographic references add considerably 
to the value of this volume as a reference 
book. 



The Vasomotor System in Anoxia and 
Asphyxia. A Study of the Adjustment 
Reactions of the Mammalian Organism. 

By Ernst Gellhom and Edward H. Lam- 
bert. University of Illinois Press^ Urbana. 

$1.00 (paper); $1.50 (cloth), ii x 8; 

71; 1939* 

This study deals with the effect of various 
gas mixtures (i to 10 percent oxygen and 
4 to 15 percent CO2) on the blood pressure 
of dogs anaesthetized with sodium amytal, 
sodium barbital, or chloralosane. Among 
the significant results are the following: 

Under conditions in which carbon dioxide and 
oxygen deficiency cause a rise in blood pressure, i.e., 
in the normal dog with and without artificial respira- 
tion, and further after vagotomy or removal of noth 
carotid sinus areas with artificial respiration, the 
effect of carbon dioxide plus low oxygen tension is 
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ffcaxcr than corttspondt to the algebraic sum o£ the 
individual effects. 

In the dog deprived completely of its buffer nerves 
and artificiiQlv ventilated, it is found that carbon 
dioxide completely offsets the fall of blood pressure 
produced by the inhalation of a gas w^th a low oxygen 
tension. 

The e^riments indicate that the cause of this 
potentiation lies in the fact that the effect of carbon 
moxide is increased in anoxia. This is in part due to 
the weakening of the carotid sinus' pressor reflexes. 
In addition to that it is assumed that the intracellular 
meubolites formed during short periods of anoxia 
may interact with the effects of carbon dioxide and 
thereby cause the potentiating effect described above. 

There is a bibliography of 151 titles. 



The Statistics of Pulmonary Tuber- 
culosis IN Denmark 1915-1934. A statis- 
tical investigation on the occurrence of pul- 
monary tuberculosis in the period ig 2 s-ig^ 4 ^ 
worked out on the basis of the Danish National 
Health Service file of notified cases and of 
deaths. 

By Marie Lindhardt. Ejnar Mjunksgaard^ 

Copenhagen. Kr. 8. lo^ x 7; 179 -f- i 

folding table; 1939 (paper). 

The present investigation was undertaken 
on tne basis of the file of consumptives 
kept by the Danish National Health 
Service. These tuberculosis notifications, 
which since 1910 have been regularly 
treated statistically, have been collected 
under a rational filing system since 1915. 
The present investigation comprises 39,379 
notincations of new cases received by the 
National Health Service between 1915 
and 1934, and 10,173 notifications of 
deaths occurring in the same period. In 
this report the distribution of tubercu- 
losis in various parts of the country 
according to age, sex, civil status, etc., 
and its nature, duration, lethality, sea- 
sonal fluctuations, and incidence within 
various groups are thoroughly discussed 
and illustrated with numerous graphs and 
tables. Supplementary tables are in- 
cluded in the appendix, and there is an 
extensive bibliography. 



The Vitamins. A Symposium Arranged 
Under the Auspices of the Council on Pharmacy 
and Chemistry and the Council on Foods of 
the American Medical Association. 


2.51 

American Medical Association^ Chicago. 

$1.50. 8i X 5i; 637; 1039. 

Vitamin D. Chemistry^ Physiology^ Phar- 
macology^ Pathology^ Experimental and Clm- 
ical Investigations. 

By C. I. Reedy H. C. Struck artd L E. 

Steck. University of Chicago Press y Chicago. 

$4.50. 9x6; xviii + 389; 1939. 

A good summary of a field of work, and a 
detailed report on any part of that field 
are alwavs of value. These two books are 
admirable examples. The vitamin sym- 
posium, arranged under the auspices 01 the 
American Medical Association, numbered 
30 authorities among its participants; it 
presents a digest of what is known about 
each vitamin. This book gives the reader 
a fairly comprehensive idea of the impor- 
tance of vitamin therapy in modern 
medicine. 

The second book is a r6sum6 of what is 
known about Vitamin D, and a working 
report from a laboratory active in its 
study. Scientists, teachers, industrialists, 
druggists, and physicians will find this a 
dependable reference. Both books are 
careful to make it clear that the field of 
vitamin study is far from being worked- 
out, and that there is much to be done 
before what is known can be applied to 
best advantage. 



Die Funktion dbr Nebennibrbnrinde. 

By F. Verzfir. Benno Schwabe and Co.y 

Basel. 15 Swiss francs. 8J x 6; 166; 

1939 - 

In this attractively printed volume the 
professor of physiology in the University 
of Basel presents a comprehensively thor- 
ough, critical review and synthesis of the 
literature on the function of the adrenal 
cortex, in which the results of his own 
important work in this field are clearly set 
forth and brought into their proper place 
in the general picture. It is now certain 
that cortin, the hormone of the adrenal 
cortex, is a substance of fundamental im- 
portance in the metabolism of the cell 
generally. Lack of this hormone starts 
a train of changes in fat metabolism, and 
in carbohydrate formation in the cell that 
lead finally to failure of heat regulation, of 
selective glucose resorption, of gl]^co^en 
formation in the liver, of K elimmation 



151 


THE QUARTERLY REl^IEW OF BIOLOGY 


by the kidney, loss of plasma from the 
blood, and death. 

In its logical, clear, and concise elucida- 
tion of an extremely coiMlicated field this 
book is a masterpiece. The bibliography, 
set in the most condensed form, occupies 
30 pages and covers the literature to 1^39. 
A valuable addition to any biological 
library. 



Studies in the Physiology of the Kid- 
ney. Porter Lectures^ Series IX. De- 

livered at the University of Kansas School of 
Medicine. 

By Homer W. Smith. University Exten- 
sion Division^ University of Kansas, Law- 
rence. $1.00. 8f X 5f ; [6] + 106; 1939. 
The first lecture in this scries is concerned 
with the physiological bases of recently 
developed methoefe for examining the 
normal and diseased kidney, such as 
functional methods of measuring the 
elomerular filtrations, the renal blood 
flow, and the quantity of intact, active 
glomerular and tubular tissue. In the 
second lecture the general evolutionary 
history of the vertebrates is discussed with 
y>ccial reference to the kidney of fishes. 
The final lecture on the renal blood flow 
in normal and hypertensive subjects, deals 
largely with experimental work, such as 
the effect on renal function of various 
substances (oil of juniper, adrenin, ephed- 
rinc), vasodilatation of the renal ar- 
terioles, relationship of renal arterioles 
and the nervous system. In this section 
is given a chart “summarizing the more 
important data in renal function as 
found in 15 hypertensive subjects.” A 
number of diagrams and figures will be 
found in the volume, each lecture is well 
documented, but no index has been pro- 
vided. 

The Flowering of an Idea. A Play 
Presenting the Origin and Early Development 
of The Johns Hopkins Hospital. 

By Alan M. Chesney. The Johns Ho^ 
kins Press, Baltimore. $1.30. 8^ x 5$; 

87; 1939- 


Written for the celebration of the fiftieth 
anniversary of the opening of The Johns 
Hopkins Hospital, the story of this play 
centers about the origin, early develop- 
ment and formal opening of the hospital. 
The play, in four scenes, is admirably 
adapted for just such a formal occasion. 
The first scene, wherein an imaginary 
conversation takes place between Johns 
Hopkins and George Peabody concerning 
the uses to which they intend to put their 
money, gives the author a chance to show 
the interesting personalities of these two 
men. The dialogue throughout the play 
seems somewhat stilted, but this stiffness 
of style is partly a true characteristic of 
the times portrayed, and partly tO be 
attributed to the fact that, with the ex- 
ception of the first scene, official records 
and documents were closely followed. 



ZooLOGiCA. Scientific Contributions of the 
New York Zoological Society. Volume XXIV, 
Part Numbers 10-26. 

New York Zoological Society, Zoological 

Park, New York. $1.00. loj x 7; 

110 + 2.1 plates; 1939 (paper). 

This issue of Zoologica reads much like a 
number of the Journal of the American 
Medical Association and for this reason we 
have put this review in “Physiology and 
Pathology”. Of the 17 papers, 14 form 
the bulk of the report of the Hospital and 
Laboratory of the New York Zoological 
Park for 19^8. The first number gives a 
r6sum6 of tne causes of death in the col- 
lection. As a basis for this, the In- 
ternational Classification of Causes of 
Death adopted for man by an International 
Committee in 1919 is used, although some 
modification has been necessary to exclude 
those diseases to which animals arc im- 
mune and to include those diseases which 
attack only animals. Other papers deal 
with carcinoma of the pancreas in a bear, 
goiter in a dromedary, dental pathology, 
parasites of wild rats, Multiceps serialis 
infestation in a baboon, amoebic dysen- 
tery in an orang-utan, etc. All ot the 
pa^rs carry bibliographic references and 
many excellent photographs add to the 
interest of the texts. 
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Principles and Practice of Aviation 
Medicine. 

By Harry G, Armstrong, Williams & 

Wilkins Co,^ Baltimore, $6.50. 9x6; 

xii + 496; 1939. 

Process in aviation has been accompanied 
by the increased realization that new kinds 
of medical problems arise from the unusual 
environment in which the' flier finds him- 
self. To deal particularly with such 
problems a specialized branch of medicine 
IS now in the process of being definitely 
formed. The author has brought together 
and examines in this volume most of the 
available literature on the several phases 
of the subject. The first nine chapters 
are concerned with the selection of 
pilots, the physical and psychic require- 
ments they should possess, the standards 
of examination used in this and other 
countries. The remaining twenty-nine 
chapters deal with the evidence so, far 
collected on the physiological, psycho- 
logical and pathological manifestations 
associated with flying. Although neces- 
sarily sketchy in parts the book covers 
well the whole vast range of the subject 
and contains an excellent bibliography. 



Nutrition and Diet in Health and 
Disease. Third Edition^ Entirely Rewritten, 
By James S. McLester. W. B, Saunders 
Co.y Philadelphia and London, $8.00. 
9f X 6; 838; 1939. 

In the twelve years which have elapsed 
since the first appearance of this book 
“newer discoveries have been so far 
reaching and the changes in the point of 
view so extreme” that it has been neces- 
sary completely to rewrite this edition. 
Only occasional paragraphs have been 
retained, such as those dealing with 
Sippy’s method of treating peptic ulcers. 
A relatively large amount of space has 
been given to the nature and physiologic 
influences of the several nutritive sub- 
stances and to the discussions of disordered 
physiology. 

Part I deals with nutrition in health 
(3 sections, 314 pages); Part II, with 
nutrition in disease (436 pages); Part 
III, appendix (ca, 60 pages) contains 


considerable tabular matter. The volume 
is thoroughly documented and indexed. 
Teachers and practicing physicians will 
find this a dependable guide. 



Liquor, the Servant of Man. 

By Walton Hall Smith and Ferdinand C, 
Helwig, Little^ Broum and Co,^ Boston, 
$x.c». 8 X 5f; [4] + X73; 1939. 

This volume presents a sound and un- 
biassed review of much of the more im- 
portant scientific work that has been 
done on the biological effects of alcohol. 
The style of writing will probably offend 
some readers, for the same kind of reason 
that baby-talk from aged spinsters is 
irritating to some people. But leaving 
this aside, the reader of this book, which 
is the product of the collaboration of a 
professional writer and a pathologist, 
will get a just picture of what is presently 
known about the ways and degrees in 
which alcohol affects physiological, psy- 
chological, and pathological processes in 
man. Much of it will be new, even to the 
biologist who has not himself actually 
worked in this field. The book has no 
index, which is a pity, because its or- 
ganization lacks that kind of precision 
that might help in using it for reference 
purposes in the absence of an index. 



An Introduction to Medical Mycology. 

By George M. Lewis and Mary E, Hopper, 

Year Book Publishers ^ Chicago. $5.50. 

10 X 7; xviii + 3155 1939- 
This text has been designed to give the 
student a substantial knowledge of the 
important phases of mycology and of the 
common fungus diseases. The charac- 
teristics and habits of the habitual fungus 
parasites are briefly but clearly described. 
Since the pathogenic flora varies in dif- 
ferent parts of the world, “our emphasis 
on certain fungi as important in New York 
may not apply to the same degree in other 
localities.^* The first part deals with 
clinical, theoretical and experimental as- 
pects of the subject; the second, with lab- 
oratory procedures useful in examining a 
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patient suspected of haying one of the 
various mycoses. The bibliographies ac- 
companying each section are not com- 
plete but contain “articles which we think 
are important for their ori^nality and 
their value in teaching.’* There is an 
index. 


The Journal of Endocrinology. Vol- 
ume /, Number i. 

Edited by E, C. Dodds. Oxford Univer- 
sity Press ^ London and New York. Sub- 
scription price: 30s. or $6.00. 10 x 

6i; 1 16; 1939 (paper) 

This new quarterly is founded to bring 
together and to make available in a single 
British journal papers in the English 
language concerning “the internally se- 
creting glands, the mode of their actions, 
the nature of their secretions, and the 
disorders of their functions.” Contribu- 
tions from all countries will be welcome. 
Papers intended for publication should be 
submitted to the editors at the Courtauld 
Institute of Biochemistry, Middlesex Hos- 
pital, London, W. i. The editorial board 
includes P. M, F, Bishop, C. R. Haring- 
ton, G. F. Marrian, A, S. Parkes, F. G. 
Young, and S. Zuckerman. 


The Endocrine Glands. 

By Max A. Goldzfeher. D. Appleton- 

Century Co.^ New York and tendon. 

$10.00. X 6J; xvi + 961; 1939. 

It is the announced aim of this book to 
discuss systematically and thoroughly, 
and on the basis of first-hand information, 
both the theoretical and the practical 
aspects of endocrinology, and to abstract 
from the enormous literature the really 
important contributions which have a 
bearing on the practice of the clinician. 
Endocrinology is still a very rapidly 
changing field, of course. The author 
has not always succeeded in passing un- 
I^cjudiced judgment on which contribu- 
tions are clinically most important. He 
has succeeded single-handed, however, 
in marshalling a prodigious array of de- 
tailed matter in a masterly fashion. A 
selected bibliography follows each chap- 
ter. 


Htdrophthalmia or Congenital Glau- 
coma: Its Causes^ Treatment^ and Outlook. 
By J. Ringland Anderson. With a Fore- 
word by Sir John Herbert Parsons. The 
University Press^ Cambridge; The Mac- 
millan Co.^ New York. $7.00. 9I x 6; 
XX + 377; 1939. 

The last monograph on this subject was 

{ mblished in 1897. This book will there- 
orc serve as a summary of the literature 
for the practicing opnthalmic surgeon. 
The first portion of the work deals with 
the pathology, morphology, and diag- 
nosis of the disease. The remainder of 
the book is given over to methods of 
treatment and surgical techniques. Each 
chapter has appended a long bibliography 
of titles down to 1938. The tables in- 
serted in the back cover of the book con- 
tain the data for each case discussed in the 
text. The work is well illustrated. 


Human Helminthology. A Manual for 
Physicians^ Sanitarians and Medical Zoolo- 
gists. Second Edition y Thoroughly Revised. 

By Ernest C. Faust. Lea and Febiger^ 

Philadelphia. $8.50. 9J x 6; 780; 1939. 
This excellent and exhaustive presentation 
of the science of helminthology by one 
who for many years has been a teacher and 
investigator in the field first appeared ten 
years ago (cf. Q. R. B., Vol. 5, p. 2.48). 
In this second edition, new illustrations 
have been added, bringing the total to 
30X, and old ones have been revised and 
clarified. A new chapter on “Anthelmin- 
tics and Their Use” has been included, 
and the terminology in the book has been 
brought up-to-date. The extensive bib- 
liography is placed at the end instead of 
being included in the individual chapters. 
There is both an author and subject index. 


An Introduction to Gastro-Enterol- 
OGY. Being the Third Edition of The 
Mechanics of the Digestive Tract. 

By Walter C. Alvareg,. Paul B. Hoebery 
Medical Book Department of Harper and 
Bros.y New York and London. $10.00. 
10 X 7; xxii -h 778; 1940. 

This third edition of a well-known and 
valuable treatise is in reality a new book. 
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entirely rewritten and about double the 
size of the second edition which appeared 
in 1917 (cf. Q. R. B., Vol. 3, p. 450). 
Seven new chapters have been added and 
data from about 1500 new articles and 
books have been included. Summaries 
have been prepared for each chapter, and 
a chapter on “books and reading’* lists 
works that will be helpful ' to young men 
who are starting their lifework in the 
fields encompassed by this book. The 
book is illustrated, and equipped with a 
bibliography of 114 pages and an index. 



Evans’ Recent Advances in Physiology. 
Sixth Edition, 

Revised by IV. H. Newton. The Blakiston 
Co.f Philadelphia. $5.00. 7i x 5J; xi 
+ 490; 1939 - 

Much of the material in this edition has 
been carried over from the 5 th edition 
(noticed in Q. R. B., Vol. ii, No. 4) and 
brought up to date. Several new chapters 
are included dealing with: (a) the physi- 
olo^ of bone, (b) the Carrel-Lindbergh 
perfusion apparatus, (c) problems of 
carbohydrate metabolism, (d) the cortical 
control of muscular movement. 



Health for New York City’s Millions. 
An Account of Activities of the Department of 
Health of the City of New York for with 
Comparative Vital Statistics Tables. 

By John L. Rice. Department of Healthy 
City of New Yorky 12s Worth Streety New 
York. Free to libraries, schools of 
public health and to special organiza- 
tions. 9x6; 195; 1939. 



BIOCHEMISTRY 

Expos^ Annuels de Biochimie Medicals. 
Deuxiime Serie. 

Published under the Direction of Michel 
Polonovski. Masson et C/>, Paris. 75 
francs. 9! x 6f; [4] + 2.64; 1939 
(paper). 

Like the first volume of this annual (cf. 
Q. R. B., Volume 14, p. 376) this number 
includes a group 01 excellent papers by 


leading workers which should be of in- 
terest to medical practitioners and bio- 
chemists. Included are: Contributions to 
biological oxidation at the cellular level, 
by A. Szent-Gyorgyi; Physiological meth- 
ods of the estimation of pre-deficiency 
states, by E. J. Bigwood; The glucides of 
the nerve centers, by A. Baudoin; Chemi- 
cal constitution of the diastases, by M. 
Polonovski; Virus proteins, by Ch. San- 
nie; Immuno-chemistry, by M. Mache- 
boeuf; Magnesium in biochemistry, by 
M. Wolff; Composition of natural phos- 
horus compounds and their metabolism, 
y P. Fleury; Cortico-suprarenal hor- 
mones, by P. Boulanger; Uric acid, by G. 
Florence; R 61 e of nitrates in cellular 
metabolism, especially in the higher 
plants, by M. Lemoigne; and Some bio- 
chemical problems posed by ossification, 
by J. Roche. 



BIOMETRY 

Proceedings of the Industrial Statistics 
Conference held at Massachusetts Institute 
of Technologyy Cambridgey September 
1938. 

Pitman Publishing Corp.y New York and 

Chicago. $x.50. x [5] + 315; 

1939- 

This book comprises the lectures of several 
well-known statisticians and mathema- 
ticians on the subject of control of quality 
and standardization of product in indus- 
trial plants; also the application of statis- 
tical methods to research in medicine and 
various other fields. It is obvious that 
statistical control of the quality of raw 
materials, the behavior of machinery, etc. 
in large industrial plants is necessary for a 
more or less thorough understanding of 
what is taking place. It inevitably leads 
to better finished products, and better 
methods of production, which of course 
reduces the percentage of rejection and 
leads to lower cost to the consumer. 

The lectures in this book explain clearly 
the present value and future possibilities 
of the use of statistics in the manufactur- 
ing world, draw attention to methods of 
analysis of scientific data, and also illus- 
trate somewhat to the uninitiated the use 
of statistics as the safe method of proving 



THE QUARTERLY RWIEXV OF BIOLOGY 


156 


a fact or exploding a fallacy. A careful 
reading of the report may be of value in 
helping to solve problems along the lines 
indicated. 



Graphic Presentation. 

By Willard C. Brinton. Brinton Asso- 
ciates, New York, $5.00. 9 x 6; 511; 

I939- 

For many years Brinton has been the 
leading authority in this country on the 
graphic representation of statistical data. 
His Graphic Methods (1914) is the standard 
text on the subject. It is doubtful that 
the present volume will add greatly to 
his reputation. It is, in essence, a mod- 
ernized, stream-lined, and somewhat 
jazzed-up re-treatment of the material, 
obviously influenced by present-dav 
graphic technique in the advertising ficla. 
While every statistician will want it at 
hand for reference and student use, it 
will not wholly replace the author’s 
earlier text. Free use of color, and great 
originality and ingenuity in the make-up 
and arrangement, make it a striking book. 
It is well indexed, and thoroughly docu- 
mented throughout. 



The Bulletin of Mathematical Bio- 
physics. Volume 2, Number 2, June, 1^40, 
Edited by N, Rashevsky. Editorial and 
Publication Offices, §822 Drexel Avenue, 
Chicago, 

This number contains the following pa- 
pers: The equivalence of the conduction 
theories of Rashevsky and Rushton, by 
Alvin M. Weinberg; Further contribu- 
tions to the theory of cell polarity and 
self regulation, by N. Rashevsky; Con- 
tributions to the mathematical theory of 
organic form: II. Asymmetric metab- 
olism of cellular aggregates, by N. Ra- 
shevskv; A contribution to the mathe- 
matical biophysics of psychophysical 
discrimination III, by H. D. Landahl; 
Nerve conduction theory: Some mathe- 
matical consequences of Bernstein’s model, 
by Alvin M. Weinberg. 


The University op Colorado Studies. 
General Series (A), Volume 26, Number 2. 
Containing the Following: What is the 
Nature of Mathematics, ana in what sense 
does Mathematics explain a Science?, by 
Aubrey J. Kempner; Abstracts of Theses and 
Reports for Higher Degrees, ig^g. 

University of Colorado, Boulder, $1.00. 
10 X 6f ; 134; 1939 (paper). 



SEX 


Moeurs Nuptials des B^tes. 

Various Authors, Preface by Jean Rostand, 

Editions Stock, Paris, 2.5 francs. 7J x 

5i; 306; 1939 (paper). 

Some years ago there was mention in these 
columns of a contemplated treatise on 
The Natural History of Copulation, to be 
published in elephant folio abundantly 
illustrated with plates in the best tradi- 
tion of zoological publication in the good 
old days. The present volume contributes 
to this worthy project by furnishing 
ready-made a text for the treatise, written 
with the sort of clarity and charming ^race 
that French writers seem to command so 
much more frequently than those of other 
countries. 

The general editor of the volume is 
Jean Rostand, who is probably the world’s 
foremost popularizer of biology today, 
taking the whole range of pertinent 
values into account. Associated with 
him in the production of the volume are 
such well-known zoologists as Lucien 
Berland, who does the sections on the 
crustaceans, arachnids, and insects; L. 
Bertrand (fish); F. Angel (reptiles); J. 
Berlioz, who shares the section on birds 
with Jacques Delamain and Jean de 
Bosschire; Andr6e Martignon, Jean-fimile 
Benech, Denyse de Stampa, G. Petit, E. 
Gromier, Marquis de Barthtlemy, and 
Dr. Laurent, who between them take 
care of the love life of the mammals. 
M. Rostand, in addition to a delightful 
preface, does the sections on the infusoria, 
worms, molluscs, and batrachians. 

The book is characterized by the ut- 
most delicacy of language, but what it is 
all about is copulation, and nothing much 
else. It is extremely well done. While 
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intended for the general reader of the lav 
public, the protosional biologist will 
nnd it an excellent review and digest of 
the main features of an interesting section 
of the animal behavior field. 

Space is lacking to discuss particular 
points in any detail. The statement is 
made that while the preliminary courtship 
behavior of whales has been fairly fre- 
quently observed, their actual copulatory 
act has probably never been seen. A 
sketchy and not altogether satisfactory 
or convincing account is given of a single 
observation of the copulatory behavior of 
wild elephants in the wild. This has been 
very rarely observed; some experienced 
men who have devoted their lives to the 
study of elephant behavior say never. 

The volume is well indexed and can be 
recommended as an addition to any bio- 
logical library. 



Love Problems of Adolescence. 

By Oliver M. Butterfield. Emerson BookSy 

New York. $x.L 5. 9x6; viii -f- xil; 

1939* 

Some 1100 youths of both sexes ranging in 
age from 13 to 15 years listed, on request, 
the sex and matrimonial problems about 
which they desired information. The 
youths belonged to 14 separate organiza- 
tions, the majority being under the aus- 
pices of Protestant churches. The inquiry 
shows that the questions most frequently 
asked regarded the propriety of juvenile 
heterosexual relations such as kissing and 
petting, while those relative to the ad- 
visability of establishing boy and girl 
friendships when there arc differences in 
age and education were encountered with 
the least frequency. However, as can 
be expected due to the wide age range 
amon^ the subjects, there is a considerable 
variation from group to group in the type 
of questions asked. The autnor discusses 
the results as indications of the need for 
more education in matters of sex relations 
and sex hygiene. He concludes: 

We live in an age of educational and factual abundance 
but we appear to suffer great mvation from a poor 
distribution of its resources. The hope for inmove- 
meot lies in attacking the situation all along the line 


with special stress upon the training of parents. Pre- 
marital and post-marital adult education can take up 
much of the lag and thus in the next nneration 
greatly reduce the present perplexities oue to ig- 
norance. 

This type of reasoning is based on the false 
premise which identifies theoretical with 
practical knowledge and culture with 
wisdom. Lectures and books cannot solve 
the immediate perplexities of a 13-ycar-old 
first adventuring into sex relations, no 
more than it can for one first attempting 
to drive an automobile or a train. Is it 
possible that the educators have not yet 
realized the implications of the methods 
of Montessori and of Froebel which they 
have accepted? 



Women and Marriage in India. 

P. Thomas. George Allen and Unwin, 

London. 7s. 6d. net. 7J x 5J; 114; 
3 ^ 939 * 

With all the fire and heat of a 19th century 
militant suffragette the author attacks 
the marriage system in India and the 
moral theology on which it is based. 
To the complaisant subjection of the 
woman are ascribed the current ills of the 
country and the lack of competent leader- 
ship. Therefore, if India is to take its 
place in the sun the status of the woman 
and the prevalent form of social rela- 
tionship between the sexes must be 
altered. The author advocates a number 
of reforms including the abolishment of 
child marriages, the establishment of the 
right to divorce, greater freedom of con- 
tact between the sexes, and their equality 
in all matters even to include the right of 
the wife to half of her husband’s pay. 
Such views sound reasonable from the 
standpoint of our civilization and one 
ordinarily would be ready to cheer on the 
efforts to bring about such reforms. It is 
unfortunate, however, that this book docs 
not evoke sympathy-^uc to the author’s 
vituperative style and strange concepts of 
Western customs. It seems that among 
other objectionable qualities the Indian 
husbands sj^nd a good deal of their time 
at home, in a characteristic manner the 
author assails violently such habits as 
the following: 
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Wbeoever the robott European woman finda her 
lfn.ha«n< too home-lowng or lentimental, iM tunana 
to nag him into hie club or the aicket-field. But to 
Tn,ii.S utter ii too much a Pathivriu to do anyttog 

ofthetott. She etande dutifully on the balcony from 

s P.M. onwards, watching her lord come home from 
office, tries to smile and look pleuant ^^cn he con^, 
to undress him, puts him to bed, presses bis 

■ 11 1 nf Vi^ lidnn 


proceeds to unarcw miu, puw --- 

lean limbs and long head, feeds him out oThw hand, 
and generally makes him the voluotuous imbecile 
he is. Many of the children produced in thew homM 
are morons ending up in the street or on the banks 01 
the Ganges. 


J.VR Hermaphrodites et la Chirurgib. 

By L. Ombridanne. Masson et Cie, Paris, 

85 francs. 10 x 6^; 3x1; 193? (p^Pf)* 

In the case of hermaphroditism when 
should the surgeon intervene for corrective 
purposes and on the basis of what criteria 
should he decide to increase either the 
masculine or feminine appearance? These 
problems constitute the main theme of 
this volume which includes also a general 
survey of hermaphroditism in its em- 
bryological, morphological and physio- 
logical aspects. However, the major 
portion of the book is devoted to the 
clinical and pathological variations of 

E ons with (a) male gonads and external 
inine appearance and (b) female gon- 
ads and external masculine appearance. 
He considers also the question of the 
marriage of such persons and the views of 
the law and of moral theology on the 
subject. In great detail he describes 
twenty-two cases he himself observed, 
their personal history, the operative 
findings, and the reasons for the particul^ 
procedure he followed. He apparently 
tcHcvcs that no attempt at correction 
should be made until puberty is passed 
and then surgery should usually be em- 
ployed to change the form of the external 
genitalia so that they agree with the sex 
of the gonads. However, as he illus- 
trates with his own material, there are 
often cases in which it is impossible or 
unwise to follow this rule and then the 
operator is legally and morally justified 
to change the genitalia so that they har- 
monize with the patient’s external so- 
matic appearance, psychic reactions and 
desires. 


Attaining Womanhood. A Doctor Talks 
to Girls About Sox. 

By Gtoru W. Comer. Harpir and Bns., 

Now York and London. $i.oo. 71 * 

Dr. Comer again ‘rmgs the bell with 
this little volume for adolescent girls. 
Like its companion forerunner, Attaining 
Manhood, the facts of life arc presented in 
simple, non-tcchnical language, yet ac- 
cufRcy and clearness is maintained. 
is a good example of how the simple truth, 
neither brutally frank nor evasive, can 
easily furnish an answer to that parental 
bugbear, the baffling question of what 
and how the children shall be taught 
about sex. 


PSYCHOLOGY AND BEHAVIOR 

Beyond the Clinical Frontiers. A Psy^^ 
chiatrist Views Crowd Behavior, 

By Edward A. Strccker. W, W. Norton 
and Co,, New York, $x.oo. 8 x si; xio; 
1940. j 

There seems to be something of a trend 
at the present time for the clinical psy- 
chiatrist, with his experience in the intra- 
individual chaos presented by the psjr- 
choses and psychoneuroses, to extend his 
authority to the international situation 
with its chaos between individuals en 
masse, and to attempt to analyze the 
latter in terms of the former. There is a 
certain validity in such a critical evalua- 
tion, if not too much is said and the 
analogy is not drawn beyond the facts. 
Such an evaluation is attempted in this 
book, which comprises the Salmon Lec- 
tures for 1939, by Dr. Strccker, Professor 
of Psychiatry at the University of Penn- 
sylvania. Outlining the similarities be- 
tween the behavior of the normal indi- 
vidual, the mentally ill individual and 
the crowd or mass-man, he draws a 
parallel between the short-circuiting of 
reality by the psychotic and the mob, 
“Unquestionably, the world is sick 
mentally sick,“ he states, and the tempta- 
tion to Ignore the checks of the intelligent 
minority and to utilize the escape tech- 
nique of the crowd mind is becoming 
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stronger. In recruiting intelligent minor- 
ities who will be effective in holding the 
balance of power and effecting satisfactory 
compromises when conflicts with the 
primitive forces of the mass-man arise, 
lies Strecker’s hope for civilisation. This, 
he thinks, can be accomplished only 
through a broad extension of the prin- 
ciples and practices of mental hygiene. 
His observations are perspicacious and 
succinctly put, and the fact that they are 

f )latitudinous is perhaps inescapable. The 
cctures were perhaps better heard than 
read: this reviewer found the rather ran- 
dom arrangement of the material and 
case extracts into loose paragraphs dis- 
tracting. The significance of this book 
would seem to be in its place as part of the 
trend towards an ultimate understanding 
of crowd behavior in terms of human 
personality. 



War and Peace. Essays in Psychological 
Analysis. 

By William Brown. A. and C. Blacky 

London. 5s. net. 7^ x 5J; xvi + 93; 

1939- 

This book by the English pychiatrist, 
William Brown, was written in the spring 
of 1939, after the peace of Munich but 
before the actual outbreak of war in 
Europe. It is understandable that, at 
so critical a time as this, this philosophi- 
cally-minded physician who had seen 
active service during the four vears of the 
last war should feel impellco to express 
his views on the basis for and prevention 
of war. He does so in this small book of 
seven chapters, each a short essay empha- 
sizing a particular feature of the central 
thesis that war is implicitly determined 
and the result of primitive aggressiveness 
and hostility repressed in the depths of 
the unconscious mind. Logically, there- 
fore, the problem of avoiding war is to 
find ade^ate sublimation for these tend- 
encies. This general thesis is developed 
by the author in a rather platitudinous 
and rambling fashion which does not 
come to any constructive point. The 
suggestion that all public leaoers increase 
their self-knowledge, presumably through 


p^choanalysis, is made. The author 
affirms his faith in Prime Minister Cham- 
berlain and in a new League of Nations. 
Peace, he states, will be reached *‘only 
by a deep analysis followed by a process of 
sublimation wherein the ideals of different 
nations may combine in the one ideal — 
a super-national ideal of free cultural and 
spiritual development of all human beings, 
whatever their nationality, each within 
his own national sphere and environ- 
ment.” 



Intelligence and Crime. A Study of 
Penitentiary and Reformatory Offenders. 

By Simon H. Tulchin. University of 
Chicago Press ^ Chicago. $1.00. 9x6; 

xiii + 1939* 

This monograpn presents the results ob- 
tained from intelligence tests administered 
to over 10,000 inmates of 3 Illinois penal 
institutions during the years 1910-17. 
The same procedure and the same tests as 
those given by the army to draft recruits 
were employed in this study so that the 
data on the Illinois recruits could be used 
for comparative purposes. The main find- 
ing is that, on the whole and also when 
nativity and race (color) of the prisoner 
are taken into consideration, the intel- 
ligence scores of the criminals do not 
differ appreciably from those of the 
recruits. When the criminals are segre- 
gated according to type of crime com- 
mitted, the highest score, on the average, 
was made by those who committed fraud 
while the score was lowest for sex crim- 
inals . This is to be expected . The author 
has also analyzed the data in terms 
of age, nativity, race (color), education, 
heignt and weight and the results arc 
similar to the findings of others. Of 
interest and apparently inexplicable for 
the author arc the higher scores of the 
recidivists when compared to first-termers. 
Maybe the intelligence is here manifest 
by the ability to get a short prison sen- 
tence or an early release from prison. 
Although the statistical presentation of 
the results is not of the best, these findings 
certainly do not reinforce the position of 
those that believe that education can 
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eliminate crime or that criminals are all 
feeble-minded. 



Mind Explorers. 

By John K. Winkler and Walter Bromberg, 

Reynal and Hitchcock^ New York, $3.00. 

[4] + 378; 1939- ^ , 

The development or psychology as a 
science, and of psychiatry, from the i8th 
century when interest in human nature 
first became widespread and objective to 
the present day, is presented in this book 
in a series of excellent biographic sketches 
of the investigators whose contributions 
and influence have been most significant. 
With a chapter each devoted to the more 
dramatic Gall and Mesmer, it is to be 
regretted that the brilliant treatises of 
the still earlier students, Locke, Hume, 
and Bentham are not mentioned. How- 
ever, the names selected provide a compre- 
hensive survey of imMrtant advances on 
many fronts: Pinel, Eli Todd, Charcot, 
Francis Galton, William James, Stanley 
Hall, Cattell, Terman, Yerkes, Thorndike, 
Lashley, Watson, Freud, Adolf Meyer, 
and Clifford Beers. The contributions of 
each of these men as a logical outcome of 
his own personality and experience makes 
fascinating reading, and the interlocking 
of influence from man to man and country 
to country welds the mass of information 
into an intelligible historical whole. 
The book gives a clear, critically well- 
evaluated formulation of the genetic- 
dynamic development of the rapidly ex- 
panding sciences of human personality 
function. There is a short, well-selected 
list of important references. 



The Mind of the Bees. 

By Julien Frangon, Translated by H, 
Eltringham, Methuen and Co,^ London, 
6s. net. 7j x 3}; xi + 146; 1930. 

Most of the studies on insect behavior 
have been confined to the laboratory 
where conditions arc likely to be just 
about as unnatural as possible. This, 
however, is not the case in this excellent 
study of bees by M. Frangon. Many 


years of field observation and ingenious 
experimentation in nature have convinced 
the author that the bees have a remarkable 
ability to communicate to one another pre- 
cise directions as to the position and 
availability of certain materials valuable 
for the production of honey. M. Fran- 
gon also believes that the economy of the 
hive is such that extra workers may be 
regimented at a moment’s notice when the 
value of the “find” seems to warrant it, 
and that the number of extras put on the 
job is accurately proportioned in relation 
to the distance from the hive, and the 
quality of such a “find”. 

The book is clearly and simply written. 
It will be read with great interest, riot 
only by bcc-kccpcrs, but also by entomolo- 
gists in general whose interests lie in the 
field of animal behavior. 



The Life and Death Instincts (The Vita 
and the Faturn), 

By Arthur N. Foxe, The Monograph 

Editions^ z$ West S4th St,^ New York, 

$L.oo. 8 X 5I; 64; 1939. 

In this rambling, verbose little volume. 
Dr. Foxc purports to offer a psycho- 
analytic examination of the vita and the 
fatum. At least three etiological factors 
arc alleged to be involved in the forma- 
tion of the criminoscs: — a severe trauma 
sustained in infancy or early childhood, a 
real want or need that cannot be satisfied 
in the home, and the hidden participation 
of other members of the familv in the 
criminotic behavior. The autnor also 
expresses himself concerning chance and 
determinism, war and peace, transference 
and recognizance, and the interplay of the 
vita, the libido, and the fatum. There 
is a bibliography, but no index. 



DE OMNIBUS REBUS 
ETQUIBUSDEM ALUS 

Modern SaENCE. A Study of Physical 
Science in the World Today, 

By Hyman Levy, Diagrams by Joan 
Samuell, Alfred A, Knopf, New York, 
$5.00. 9i X 6i; X + 736; 1939. 



NEW BIOLOGICAL BOOKS 


Within the last 15 years a succession of 
books has appeared^ each, as Prof. Levy 
points out, more startling than the pre- 
vious, in which science is resented in 
mysterious garb. This has oeen to in- 
vert its true purpose. If science means 
anything it entails clearing the atmos- 
phere by reducing it to reason and finally 
it and common sense to a common de- 
nominator. This volume has been writ- 
ten “to present a balanced picture of the 
whole . . . [and] to attempt to picture 
the goal towards which the present crisis 
is converging.** 

An understanding of the scheme of the 
book is important. Part I, The energy 
of mao, discusses the background of social 
life within which science has developed. 

"Today the ferment amon^ scientific men is stimu- 
lated by the same disillusionment as ur^ed on the 
Encyclopaedists; historically, however, it must be 
seen as the next stage of the ferment of the seven- 
teeth century in this country [England]. It is dis- 
illusionment after the Industrial Revolution; it is the 
drive to advance science beyond the mere study of 
nature at the level of inanimate matter, to the level 
of men in their group activity.” The new division 
of the British Association ”to explore the social rela- 
tions of science is a step in the rational process of 
paving the way to the new society.” 

Part II deals with the coming of the 
machine and attempts to explain and 
clarify the general ideas which were the 
outgrowths of this phase. “It shows 
how the mind of man was affected in its 
thinking by the machine he was creat- 

Part III discusses “groups or systems of 
things, ideas, events that can be made to 
show a pattern or an orderliness in their 
arrangements . * * It treats of the historical 
development and use of numbers, and “the 
struggle for mental freedom and expres- 
sion in mathematical form.’* This sec- 
tion, which concludes with The language 
and measurement of movement: — the cal- 
culcus, and problems of the calculus, will 
have special significance for the mathema- 
tician. The headings of the last four 
parts are: Newtonian laws; The perfec- 
tion of shape [one of the chapter headings 
of this section is Shaking off the past. — 
The sad story of Euclidean geometry]; 
What is the universe?; and The age of 
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light; with an epilogue. Science in 
travail. 

One hundred and fifty-four diagrams 
aid in clarifying the text. The volume 
is not documented but has an adequate 
index. 

* 

A Short History of Science. 

By W. T. Sedmick and H. W. Tyler. 

Revised by H. W, Tyler and R. P. Biielow. 

The Macmillan Co.^ New York. $3.75. 

8J X 5^; xxi -b 511 -f 9 plates; 1939. 
This text, intended for a beginner*s course 
in the history of science, embodies the 
development of scientific thought from the 
time of the earliest recording of ideas 
down to about the end of the nineteenth 
century. To include such a vast amount 
of history in one volume is an enormous 
task, ana the discussion of any particular 
phase of science must of necessity be very 
brief. The progression of events in the 
physical sciences, and particularly mathe- 
matics, is somewhat more detailed than 
that of the natural sciences. 

The writers state specifically that there 
is no attempt at completeness. This fact 
is most severely felt in that the progres- 
sion of scientific ideas and discoveries is 
not correlated with the progression of 
other historical happenings. This lack 
of correlation in the textual material is, 
however, somewhat compensated by the 
chronological listing of some important 
dates, names, and events in Appendix B. 
Appendices A and C list, respectively, 
some inventions of the eighteenth and 
nineteenth centuries, and a small number 
of reference books in the history of science. 

The volume is generously illustrated 
and comprehensively indexed. 



Science Today and Tomorrow. 

By Waldemar Kaempjfert. The Viking 
Press, New York. $1.30. 8J x 5J; X75; 

1939* 

The advance of science up to the present 
day, and its possibilities for the future 
arc clearly presented for the lay reader of 
this volume. The early chapters discuss 
the solar system, the question of its 
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origin, and the possibility of interplane- 
tary travel. Next the problem of power 
is considered. When the world’s supply 
of coal is exhausted will we use tides, 
wind, sunlight? Kaempffert goes on to 
consider whether or not the laboratory 
can create life, the advances of genetics, 
and Carrcrs work in tissue culture. 
Finally the rapid advances in the physical 
sciences are discussed and the relation of 
science to democracy. It is his belief that 
totalitarianism denies the liberty of mind 
which is necessary to objective research, 
and that in science we have the savior of 
democracy and the nidus of international- 
ism. 

This book is adjusted to the under- 
standing of the general public. Some 
more critical scientific minds may not 
rate it highly. 



Science since 1500. A Short History of 
Mathmatics^ Physics ^ Chemistry^ Biology. 
Board of Education^ Science Museum. 

By H. T. Pledge. H. M. Stationery 
Office^ London; British Library of Informa- 
tion^ New York. gf x 6; 357 + 

16 plates; 1939. 

This text, a history of mathematics, 
physics, chemistry, and biology, is a 
panoramic survey of these sciences from 
1500 to recent years. The study is set 
against a background of human and eco- 
nomic factors in the successive periods. 
Biography, as a detailed study, has been 
suppressed, but enough has been given 
to counterbalance the monotonous effect of 
the exposition of so many scientific dis- 
coveries, theories, and experiments. Par- 
ticularly interesting is the author’s treat- 
ment of the microscope in science. Maps 
showing how the birth-places of scientists 
seem to cluster about certain geographical 
locations in particular periods and times 
and charts showing teacher-pupil relation- 
ships for the 16th to 19th centuries form a 
very interesting piece of work.. The 
latter relationships show how a number 
of noted scientists fall into a continuous 
teacher-pupil line; this linkage holds for 
the exp^imental and biological sciences 
rather than for the mathematical — ^mathe- 


maticians seeming to learn from texts, 
not persons. There are full-page photo- 
graphs, facsimiles, text drawmgs, and 
graphs. 

* 

Handbook of Photography. 

Edited by Keith Henney and Beverly Dudley. 

Whittlesey House y McGraw-Hill Book Co.y 

New York and London. $7.50. 9x6; 

xii + 871; 1939. 

The editors of Photo Technique have pro- 
duced a book of great value to the pho- 
tographer — whether he be specialist or 
amateur. It comes as near being the 
photographer’s Vade Mecum as* anything 
that has so far aopeared in print. The 
13 contributors C30 sections) have ar- 
ranged their material in such a way that it 
is quickly available to the reader. How- 
ever, it must be said that if the very ex- 
cellent indexes (author and subject) were 
lacking this would not be the case, since 
the subject matter is arranged under 
topics — ^with full discussions to make all 
points clear. Perhaps a Vade Mecum is 
the next stage in development, with this 
book a valuable and necessary accompani- 
ment. We are unable in the brief space 
allotted to include a list of the writers 
but they have been chosen for their out- 
standing accomplishments in their par- 
ticular fields. A random sampling of the 
topics discussed yields the following: 
optics of photographic lenses, cameras, 
shutters, photographic sensitometry, pho- 
tographic light sources, light filters, tech- 
nique of development, defects in negatives, 
stereoscopic photography, infrared and 
ultraviolet photography, color photog- 
raphy, motion picture photography, aerial 
photography, high-speed photography, 
photomicrography, and radiography. 
Tables, graphs, figures and bibliographies 
enrich the various sections and in a group 
of appendices additional material not 
available in the body of the book is ar- 
ranged. 

Pictures with a Purpose, How They Are 
Made. 
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By Cbarlts Ktrhe. Camtra Craft PuHish- 
ing Co., San Francisco. $1.50. 10 x 
8J; 80; 1939 (paper). 

This slight volume consists of pictures 
with a purpose** or commercial photo- 
graphs. Each reproduction, and each is 
very fine of its type, is accompanied by 
two page^,of text in which the author 
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discusses the particular purpose of the 
picture in question, the main points to 
be brought out to accomplish this purpose 
and the various technicalities employed 
for best results. This work should be of 
great interest to amateur photographers 
who hope to turn their hobby to 
profit. 
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MAN; A CONSTITUTIONAL INVESTIGATION 

By william B. TUCKER and WILLIAM A. LESSA 
Departments of Medicine and Anthropology y University of Chicago 


I. THE HISTORY OP THOUGHT ON 
CONSTITUTION 

F rom very early written records 
there is evidence of people be- 
lieving in some sort of intimate 
association between the physical 
make-up of human beings and the various 
other constituents of their biological 
patterns. 

The Bible and the writings of the 
Chinese and Hindus indicate that centuries 
ago men considered that the character of 
individuals is betrayed by external ap- 
pearance. 

It is not at all surprising, accustomed 
as one is to the wide range of speculations 
attributed to him, to find that Aristotle 
(3) is said to have declared, in his Physio- 
gnomonica: 

There oever was an animal with the form of one 
kind and the mental character of another: the soul 
and body appropriate to mankind always go together, 
and this shows that a specific body always involves 
a specific mental character. 

Writing in Latin, Aurelius Cornelius 
Celsus (51) (5} B.C. - A.D.) advised: 

Above all things one should know the nature of 
constitution, why some persons are slender, others 


fat; some arc hot, others more cold; some moist, others 
more dry; why some have tight bowels, others free. 
Rare is the person who has not some weak part of the 
body. 

Celsus appears to be the first medical 
writer to observe that physical constitu- 
tion may be a factor in the etiology of 
disease. 

Important historically is Galen’s (95) 
theory of Krasis, for from it arose the 
notion of temperaments, which will be 
examined further on. 

In the third century A.D. the Greek 
writer Polemonis (x}7) continued along 
Aristotle’s lines of observations, and a 
century later Adamantius (i), a Jewish 
physician, busied himself with similar 
observations. 

So far little has been said specifically of 
predisposition to disease. But as early 
as the fifth century B.C. Hippocrates 
(119) was writing of a habitus phthisicus 
and a habitus apoplecticus; and saying 
that those who contracted a certain fever 
were irifants, young persons, adults having 
smooth bodies, white skins, straight and 
black hair, and dark eyes. 

Avicenna (?) 980-1037 A.D.) 

makes numerous allusions to the im« 
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portancc of taking * ‘temperament** into 
consideration in the study of character and 
in defining certain functions in an in- 
dividual. But, like Hippocrates and 
Galen, he does not particularly correlate 
form with disease. 

Immediately after the Renaissance in 
Italy there came about a revival of 
science. At that time the Neapolitan 
philosopher Giambattista della Porta (66) 
(1536-1615), influenced by Aristotle, Po- 
lemonis, and Adamantius, made correla- 
tions between facial characteristics and 
moral and intellectual traits. This 
scholar was also somewhat of a caricature 
artist, and it is interesting to examine his 
drawings illustrating the parallels be- 
tween men with certain qualities and the 
animals regarded as the prototypes of 
these specific qualities. 

Of historical interest to anthropologists 
is the fact that in 1654 Johannis Sigis- 
mundi Elsholzius (77) had established 
a method of taking measurements of the 
body and had for the first time employed 
the word anthrofometria. It is of further 
interest to note, in this connection, that 
Quetelet (139), great Belgian mathema- 
tician and astronomer (1796-1874), in 
1871 was the first to study measurements 
of man statistically, using chiefly the 
figures of artists as the only appreciable 
source up until that time; and he thought 
he invented the word anthrofomitrie^ un- 
aware apparently that Elsholzius had 
employed it over two hundred years 
previously. 

One of the first to attempt to correlate 
constitution with psychiatric disease was 
Walkington (3x1). In his Oftick Glasje of 
Humors (1663), he expresses his opinions 
on the relation between function and form 
as revealed by a physiognomonical anal- 
ysis. 

John Hunter (137) (17x8-1793) was 
unusually scientific in his attitude toward 


the various aspects of constitution. He 
believed that the symptoms of a disease 
were the result of the interaction between 
certain constitutions and pathologic 
forces. Within the individual himself, 
said Hunter, certain systems may show a 
greater susceptibility to disease than 
others: 

Thus as the liver in some constitutions is more 
susceptible to secreting bile, which is iu natural 
action, than it is in others, so also it is more sus- 
ceptible of its peculiar diseases in some constitutions 
than it is in others, (p. 304.) 

He also said that susceptibility to disease 
varied with constitutions; 

For example, some constitutions are more suscepti- 
ble of inflammatory fevers than any other fevers; 
others are more susceptible to putrid fevers; while 
either one or the other of these constitutions might 
have some other disease, either violently or mildly, 
as smallpox, measles, etc. (p. 303.) 

Hunter recognized how complex is the 
nature of constitution, and how varied 
were its applications to the study of 
disease. 

One man is especially interesting for 
his curious conception that since whatever 
is beautiful and harmonious is holy and 
good, then all men with good historical 
reputation had in full the physical char- 
acteristics associated with valor, virtue, 
etc. Lavater (168) was a Swiss — a Prot- 
estant minister. His writings were often 
unintentionally humorous. 

At about this time phrenology began 
to receive serious consideration. Two 
reputable anatomists, F. J. Gall (96) 
(1757-18x8) and J. C. Spurzheim (X83) 
(1776-1 83 x), fell into the error of believing 
that mental traits could be read by means 
of the shape of the head, because various 
qualities were localized within it. Their 
work was especially discredited by the 
adoption of their observational techniques 
by a rising profusion of phrenological 
charlatans. Phrenology was but one of 
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two branches of constitutional somatology 
to endeavor to connect intellectual ca- 
pacity, talents, and disposition with 
morphology. 

Criminal anthropology also concerned 
itself with such related problems. Cesare 
Lombroso (178), whose name is still 
revered and respected by many, discovered 
that in criminals there are to be found 
certain anatomic * 'abnormalities" or 
"stigmata," which arc, he said, normally 
found in lower animals. Therefore, 
reasoned Lombroso, criminals with these 
marks are a throwback in the evolu- 
tionary scale, and criminality in certain 
of its forms is an atavistic trait. Though 
Goring (106) and Perrier (119) exposed 
certain weaknesses in the argument, the 
theory has never been entirely discredited. 
The recent work of Professor Hooton 
(134) of Harvard, while not in the least 
subscribing to the Lombrosian doctrine 
of atavism, was largely inspired by the 
still-present interest in the subject. (See 
section V.D. i.) 

Simultaneous with the physiognomic 
stress given to the study of the body- 
build was the theory of temperaments. 
The famous physicians of the Graeco- 
Roman period left as their chief heritage 
a fourfold classification of constitutional 
types. Influenced by Empedocles* and 
Pythagoras* four primary elements (fire, 
water, earth and air), they spoke of four 
"humors** — blood, lymph, black bile and 
yellow bile — ^which by their state of 
balance decided health and disease. The 
individuaPs anatomical, physiological, 
and mental characteristics reflected the 
dominance of one of the humors, and 
Hippocrates (119) and Galen (95) and 
their disciples down through the centuries 
believed that in order to diagnose and 
treat disease it was necessary to ascertain 
the patient's temperament in terms of 
such humors. 
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The humoral theory has never been 
completely discarded, and today persists 
in altered form, particularly in some of the 
medical thought on human constitution. 
In the middle of the nineteenth century 
Thomas Laycock (169) of the University 
of Edinburgh used a sevenfold classifica- 
tion not very different from the an 
cient one. 

Jean Esquirol (83) (1771-1840), the 
French alienist, was influenced by the 
post-Galcnic descriptions of tempera- 
ments. He observed that when persons 
of the lymphatic or phlegmatic tempera- 
ment fall into mania or monomania they 
tend to a chronic and deranging course of 
the disease, whereas those of sanguine, 
strong and robust temperament tend more 
to the acute course of the psychosis. 
EsquiroTs classification, though hardly 
scientific, anticipates in a way the modern 
distinction between manic-depressive 
types with a more acute course, and 
schizophrenic types with more chronic 
and degenerative courses. 

With the opening of the nineteenth 
century came an awakened interest in 
many phases of constitution, and the great 
English clinicians of the time made 
valuable contributions. Though the fore- 
most student of the problem was Jonathan 
Hutchinson (138), Feigenbaum and Howat 
(87) point out that it is wrong to suppose 
he had faith in the relationship between 
constitution and diseases, for Hutchinson 
said the student of constitution 

. . . will discover he is misuking for criteria of tem- 
perament conditions which are simply indicative of 
youth, or age, or health or disease, or the effects of 
past anxiety or trouble ... so should the student of 
temperament scrupulously reject all that has been 
superadded and is in a sense accidental. . . . Indeed 
it may be questioned whether in a large majority of 
cases there usually exists in persons as yet in perfect 
health any peculiarity by which we can predicate or 
discriminate the * 'fundamental mode ^ viul ac- 
tivity*’ (constitution). 
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The study of constitution was neglected 
for many years after Pasteur’s researches 
on bacteria and many other bacteriological 
and pathological advances of the latter 
half of the nineteenth century had rolled 
up an immense enthusiasm for the study 
of the exogenous factors of disease. In 
Europe, particularly in Germany, Austria, 
Italy, and France, where the tradition of 
the endogenous — constitutional — factors 
lived in many of the older physicians and 
scientists, the newer interest in exogenous 
factors never entirely displaced the consti- 
tutional approach to biological problems. 
In the United States, however, with 
modem medical schools developing only 
since the time of Pasteur, the absence of 
the older constitutional tradition has been 
felt and evidenced in the almost entire 
absence of a consideration of constitution 
in medicine. This state of affairs has 
persisted up until very recent years. 

The contemporary phase of constitu- 
tional studies may perhaps be attributed 
to the interest of di Giovanni (68); 
but to understand his background it is 
necessary to know that he derived his 
inspiration from Beneke, a German patho- 
logical anatomist, who in 1878 and 1881 
expressed a new viewpoint in constitu- 
tional studies. For, whereas through the 
years many had made observations on the 
exterior of the body, Beneke was the first 
to measure the internal organs and their 
variations in size, as associated with age, 
disease, and body type. However, we 
must not forget that as far back as 1632. 
Spigelius Cx8x) had described a ratio 
between intestinal length and body 
length; and in 1764 de Haeu (65) had tried 
to relate the variations in position of 
internal organs to disease. Beneke (i6, 
X7, 18, 19) ascertained two somatic types, 
the scrofulous-phthisical constitution, 
which may be compared with the asthenic 
type in more recent terminology, and a 


second type, comparable to the more re- 
cent pyknic, which Beneke believed to be 
associated with rachitism in children and 
cancer in adults. 

The concept of type among humans has fallen into 
serious disrepute in recent years, particularly as the 
result of biometric analyses which fail to show multi- 
modal distributions of human characters, which can 
be the only logical basis for clear recognition of 
types. Among the older authors, like Beneke, just 
what is meant by "type" is not quite clear, but it 
seems to refer to an aggregation of individuals around 
some special criterion, as linearity, robusticity, or 
solidity. Speaking statistically, it may be permis- 
sible to consider a type as one of several individuals 
at or near an extreme of any biological variation with 
respect to some especial quality~-e.g., beyond 1.5, 
or X, or 3 standard deviations from the mean in either 
direction. Obviously if different criteria or combina- 
tions of criteria are used for examining the same popu- 
lation, there may be a large number of types. In this 
sense, a "type" as an "extreme" — a deviate of sta- 
tistical significance from the mean— is entirely differ- 
ent and quite distinct from an "average" or "nor- 
mal," which latter terms connote non-significant 
deviation from the mean. 

Di Giovanni (68) was the only one to 
take serious notice of Beneke’s work, and 
listed other diseases associated with the 
two types. He also stated that the cause 
of the special morbidity of an organ 
system resides in its disproportionate 
development relative to other organs. 
In evaluating di Giovanni's work, we 
note two important contributions: first, 
that he observed the apparent changes in 
habitus and consequendy of morbidity 
that are due to age, and advocated that 
body growth be constantly observed; 
and, second, that he was responsible for 
more exact methods of determining body 
build, employing for this purpose the 
techniques of anthropometry. Two other 
Italians, Viola and Pende, carried ^on di 
Giovanni’s work and have helped form 
one of the most important schools (A 
constitutional thought and research exist- 
ing today. , 
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SUMMARY 

Thus wc note an extremely early in- 
terest in the relationship between the 
body of man and other characteristics of 
his constitution, and a gradual evolution, 
in increasingly sharper focus, of the under- 
standing of these problems. And it 
would seem that scientific thought of 
earlier periods has been seriously aflfected 
by the extensive advances made in the last 
80-90 years in the fields of bacteriology, 
histology, physiology, biochemistry, and 
allied branches of biological science. 

It is important to recognize that the 
bulk of this scientific investigation has 
been directed at a study of the environ- 
mental influence affecting man, or of the 
effect of such environmental factors upon 
man, rather than at the importantly 
different matter of the manner in which 
man's constitution affects and reacts 
upon environment, in determining his 
own behavior. One shrewd observer 
(134, p. 394) has noted, for example, that 
the medical profession “faced for centuries 
with the most blatantly obvious struc- 
tural-functional relations, . . . has . . . 
turned away and occupied itself ex- 
clusively with diseases, microorganisms, 
pharmacology, hygiene, immunology, and 
everything except man itself.” In short, 
it seems permissible to state that in the 
scientific advances of the last century the 
study of man’s constitution has been, if 
not completely lost sight of, at least 
thrust temporarily into the background 
by a much-needed investigation of man's 
environment as it affects and influences 
his behavior. 

Deeply impressed with the significance 
of constitutional knowledge, Viola (310, 
p. 1634) considers the beginning of 
scientific work in this field to be one of the 
milestones in medical history, comparing 
it with the advances inaugurated by the 
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work of Mondino, Harvey, Malpighi, 
and Pasteur. 

It will be well now to consider more 
thoroughly the exact nature of man's 
constitution. 

II. THE NATURE OP CONSTITUTION 

A, Preliminary definition of constitution 

For the purposes of introducing a con- 
sideration of the nature of constitution, 
it will be defined as the total biological 
make-up of an individual. Several aspects 
of constitution and some of the conflicting 
theories on this subject will be considered. 
Though the term constitution may ob- 
viously cover a vast field, one cannot be 
immediately concerned with all possible 
ramifications, such as a detailed considera- 
tion of the relationships between body- 
build and crime, temperament, and 
intelligence. These will be dealt with 
briefly in a later section. 

B. Constitution a multi-sided problem 

It is obvious that the problem of consti- 
tution is a multi-sided one. In fact it 
has so many aspects that many writers 
have quailed at the prospect of considering 
it in toto and have fractionated it in 
varying degrees. 

Yet it is important constantly to 
maintain a perspective and to keep in 
mind the fundamental unity of the bio- 
logical organism that is man, even when 
admitting the necessity of dividing the 
problem as a whole into a number of 
aspects in order to study it more objec- 
tively. 

Many authors have considered only 
comparatively minor aspects of constitu- 
tion, such as variations in morphology, 
including relatively small parts of the 
body, as the ear (Vollmer, 311 and Bean, 
ai), the scapula (Graves, 109), etc.; 
or they have limited their observations 
to the more important, but still ihcom- 
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pletCy consideration of the relationships 
of body build to disease, as will be seen 
later in this paper. Medical writers in 
particular have been prone to use the 
word constitution rather loosely, as in 
speaking of constitutional disposition, 
constitutional effect, etc. (e.g.. Mazer, 
Mcranze, and Israel (194) speak of the 
“constitutional effects’* of large doses of 
estrogenic principle) without making 
clear the meaning of this term. 

The further tremendous diversity of 
biological variables that may be con- 
sidered under the general heading of 
constitution is well illustrated by the 
following brief samples of investigations 
in this field: Strina (2.96) considers the 
question of the possible existence of a 
special somatic type among unmarried 
mothers; Lorentz (179) discusses indices 
and a “new constitutional formula” 
in the study of athletes in the 1936 
Olympic games; Amano (4) considers 
the influence of climate on the human 
body with special reference to baseball 
matches; Houghton (135) finds it worth 
while to consider certain constitutional 
patterns as hazards of anesthesia; Bartels 
(ix) takes up the question of gynmastics 
and a dietary regime for pyknics. The 
profusion of studies on this subject, in its 
less, as well as its more clearly defined 
aspects, is best illustrated by the fact that 
in the last five yeai*s of the Cumulative 
Quarterly Index Medicus over 1000 titles 
are listed under the heading Constitution; 
and Julius Bauer has from time to time 
listed the constitutional bibliography 
with additional hundreds of titles (e.g., 
17, 18). 

Amid this welter of divergent thought 
it is necessary to make some division of 
the field of constitution into logical sub- 
divisions that arc at once at least partially 
discrete, susceptible of correlational study 
and reasonably conformant to the present 


state of our knowledge of man. For- 
tunately there is among the more serious 
students of this field some considerable 
agreement as to the form which such a 
sub-division should take. Even the an- 
cients, as has been seen above, dis- 
tinguished between form and behavior, 
psychological or “humoral.” Barb&ra 
(9) noted that the classifications of the 
Italian school in a measure restored the 
four-fold classification of Hippocratic med- 
icine and in modem terms its humoral 
basis. Pende (2.2.8), student of Viola, 
finds it convenient to employ a “s*cmio- 
logical analysis” of constitution according 
to three “criteria,” all springing from 
an hereditary base — the morphological, 
the dynamic-humoral (neuro-chemical), 
and the psychological — to unite, like 
the faces of a three-sided pyramid, in an 
apex of the total development and in- 
tegration of the personality. 

Brandt (40), in addition to a considera- 
tion of the r 61 e of heredity in constitution, 
studies the morphology, the physiology, 
including growth and differentiation, and 
the psychology of individuals. Draper 
considers the study of human constitution 
to fall naturally into four “panels of 
personality,” in which one may investi- 
gate “the hereditary unit characters 
found in the domains of anatomy, physi- 
ology, psychology, and immunity” (69, 
p. X5). It is not quite clear why Draper 
separates immunological factors from 
other physiological characters. Pearl and 
Ciocco (xxi, p. 650) in studying human 
constitution consider the integrated bio- 
logical relations “between the morpho- 
logical, physiological, psychological, and 
pathological characteristics of the in- 
dividual.” Miller (197) uses a trichotomy 
of morphological, physiological and psy- 
chological aspects. This seems to be 
the commonest mode of dividing the field 
of constitution L^to a number of different 
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aspects. Insofar as pathology (or anom- 
aly) may be considered an “abnormally** 
extreme deviation of biological char- 
acters varying “normally,** however, the 
physiological and pathological aspects 
of constitution may well be considered 
as one single phase of the subject, and the 
total number reduced to three^ — the mor- 
phological, the physio-pathological, and 
the psychological — agreeing roughly with 
Pende's divisions. It is, of course, neces- 
sary to recognize that such separations 
are purely arbitrary. It is almost im- 
possible in the final analysis to distinguish 
morphology from function. Psychological 
aspects of the personality may only ar- 
bitrarily be separated from other physio- 
logical properties of the individuaPs 
nervous system. And pathology may be 
an abnormal deviation in any of the three 
aspects, morphology (anomaly), physi- 
ology (disease), or psychology (psychosis 
or psychoneurosis). Because the major 
emphasis in pathology still remains in 
the field of medicine, however, it seems 
justifiable to allocate this aspect of 
constitutional variation primarily to the 
physiological face of Pende’s pyramid. 

Finally, in a discussion of the aspects 
of constitution, it is well again to em- 
phasize the essential unitary pattern of 
the individual. In the study of the 
relation of constitution and disease in 
man many authors have emphasized the 
necessity of treating man as a whole. 
Typical arc the opinions of Rippy (M4)» 
Bcncdctti (13, 14), and Hnat (13 1). 
Pearl and Ciocco (2.2.1, p. 650) state that 
the study of constitution has for one of its 
major objectives a study of the “inte- 
grated biological relations** between the 
various characteristics of the individual. 
Hooton reflects the same philosophy when 
he says (131, p. 6), after mentioning 
physiology and psychology as well as 
various morphological relationships: 
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“They arc merely bound together in an 
indissoluble organic association, such that 
one may be predicted, to some extent, from 
the other.** And Draper is a particularly 
able advocate of the unitary approach to 
man in a consideration of any aspect of 
his constitution (yz, 73). In his plea 
for the constitutional approach to an 
individual as a ‘‘complete organism,** 
he uses a meaningful phrase, to denote 
man a “complete psychosomatic being** 

(73)- 

It will be useful, from this perspective, 
— that of the multi-sided problem of an 
individuars constitution, springing from 
an hereditary base, with morphology, 
physiology, and psychology, all influ- 
enced to some extent by environment, 
as arbitrarily but usefully differentiated 
aspects of an individual’s total person- 
ality — to study further some of the con- 
cepts of various authors which exhibit 
conflicting theories as to the nature of 
constitution, particularly as to the rela- 
tive r 61 es of heredity and environment* 
From an evaluation of these concepts it 
may be possible more exactly to define 
constitution. 

C. Conflicting theories regarding the nature of 
constitution 

It is not entirely clear if a definition of 
constitution should include only inher- 
ited tendencies, that is, those character- 
istics present in the germ plasm at the 
time of conception. The emphasis of the 
so-called genetic school of constitution- 
alists has been almost wholly on heredity. 
Beginning with Martins, one sees that it 
is the genotype which determines consti- 
tution, not environmental influences. Ac- 
cording to Martius (190-191), constitution 
is “. . . the somatic aggregate (inclusive 
of irritability and liability to disease) 
that remains the relatively unaltered 
possession of the individual, with the 
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characteristic reactivity of the organism 
more or less permanently fixed. * ’ Tandler 
(xgS) and Julius Bauer (13, 14, 16) make a 
similar limitation and keep the term 
condition for the make-up as it exists from 
the action of external forces. Actually, 
such a distinction is not easy or even 
possible. 

For this reason most authors have de- 
cided that in settling this problem of the 
determining factors of different diseases, 
it is necessary to consider the effect of 
environmental influence. Chaillou and 
MacAuliffe (51), students of Sigaud, 
stressed the environmental factor in their 
four-fold classification of man, believing 
that the four points at which he had 
chief contact with his environment — 
respiratory, digestive, muscular, cerebral 
— had much to do with the way the soma 
developed one of these organ systems more 
predominantly than the others, as a sign 
of resistance to a particular type of un- 
favorable environment, including disease. 
Petersen (130) points out that at least 
from the medical point of view constitu- 
tion cannot remain static and the term 
must embrace not only the quality of the 
protoplasm in its form and structure, but 
also the functional status as made apparent 
in physiological and pathological re- 
activity; in adaptability to change in 
environment; in modifications produced 
by season, climate, diet, age, endogenous 
and exogenous irritants, disease, physical 
and mental trauma, and the ever varying 
forces of the universe of which the in- 
dividual is a part. 

Borchardt (37, 38) does not think it 
possible to divide constitutional anomalies 
into hereditary and acquired. He also 
disagrees with the distinction between 
constitution and condition, saying the 
former cannot have a heredo-biological 
foundation alone. So he defines it as 

... the tCACtts of the iadividual as coaditiooed by 
heredicy and eayironment; it is the totality of the 


individual, in structure, form, appearance, physical 
and psychological ability, reactivity, the condition 
of the nutrition, the resistance to infections and 
intoxications, the psychic make-up irrespective of 
the contingency of the individual phenomena or 
heredity of environmental influences. 

Similarly, Draper (71) says that the term 
constitution **. . . should connote that 
aggregate of hereditarial characters, in- 
fluenced more or less by environment, 
which determines the individual's re- 
action, successful or unsuccessful to the 
stress of environment." He hastens to 
point out how difficult it is to say which 
of the so-called inherited values are true 
germ plasm transmissions, as for example, 
eye color, and which are habit or imitative 
characters, such as certain family tricks 
of gait or gesture. Brugsch (4x) says that 

Constitution is the unity of the physico-chemical 
elements which make up a definite definable system 
whose coordinating internal forces establish ... a 
balance with the external forces whereby the internal 
forces are laid down in the genes but the final stamp 
is placed on the constitution by reactivity to environ- 
ment. 

Walter Freeman (9x) gives the following 
definition: "The constitution of an in- 
dividual may be defined as the sum-total 
of all his peculiarities and potentialities. 
Just how much is a matter of genes and 
how much is conditioned by early en- 
vironment cannot be determined accu- 
rately." (p. 805.) And Feigenbaum and 
Howat (87) state: "Constitution may be 
defined as the sum total of native or ac- 
quired characters by virtue of which the 
individual is rendered more or less suscep- 
tible to disease. ..." They point out, 
in addition, certain practical difficulties in 
evaluating the constitution: (i) One must 
be reasonably sure that certain body pro- 
portions are not caused by the disease. 
For this reason they avoided selecting 
diseases which are characterized especially 
by cachexia, and also chose as measuring 
points certain skeletal points not likely 
to be affected by the disease except in 
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unusual cases, (x) The racial factor is 
an important one. And (3) discrepancies 
in results will appear because of statistical 
differences in selection of m^aterial, unless 
great care is taken to equate such factors. 

SUMMARY 

From these samples, it would seem to 
be the consensus of authoritative opinion 
that constitution in its many-sided aspects 
is not to be thought of, in its narrowest 
sense, as strictly or even predominantly 
a hereditary characteristic of the body, 
as the hereditary school of constitution- 
alists would insist, but as expressing the 
sum total of biological characteristics, 
both genotypic and phenotypic. 

It will be appropriate to examine further 
in some detail the r 61 e of heredity in 
determining the various aspects of con- 
stitutional behavior. 

D. The inheritance of constitutional factors 

The nature of gene dominance and re- 
cessiveness in man is not clearly deter- 
mined, and our knowledge varies with 
various details of the constitution. 

I. The inheritance of morphological 
characters 

Morphological characteristics, such as 
eye color and hair color, arc more readily 
studied with their relation to heredity 
than physiological and other constitu- 
tional characteristics. If heredity were 
the sole determinant of type, then the 
problem of racial classification would be 
solved, but while it is accepted that 
genetic factors operate in determining 
the constitutional aspects of the body, it 
is known that the genes concerned arc so 
numerous and environmental factors so 
important, that inheritance of racial type 
can be spoken of only in a broad sense. 
It is more profitable to deal with the 
hereditary basis of bodily proportions of 
one individual as compared with another. 
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for with few exceptions, which arc the 
result of selective processes, there arc no 
bodily forms typical of any race. 

Most of the work in the inheritance of 
physical traits in man has been done by 
anthropologists. Their method has been 
to utilize racial hybridization. The re- 
sults of such studies arc very informative, 
for there seems to be no reason why their 
findings may not be applied to inheritance 
within racial groupings. Krogman (161) 
has gathered data on the hcritability of 
non-pathological traits in man, the groups 
studied by the several investigators whose 
material he utilizes being mostly Whitc- 
Indian, White-Negro, and White- Asiatic. 
He says: 

In general man is subservient to genetic rules. 
Physical traits tend to act as unit characters. In a 
cross there may occur a phenotypic blend, but geno- 
typic modifications occur rarely as mutations. . . . 
The environment plays a definite rAlc. The genetic 
constitution does not change, but its expression may 
vary, the optimum may or may not be achieved. 

Krogman divides features into three cate- 
gories, depending on their value for 
analysis of race or group physical traits. 

It is obvious that in assessing hcrita- 
bility of constitutional types such definite 
principles of analysis cannot be followed, 
for though there is undoubtedly a racial 
factor to be considered in establishing 
types many of the features of physique 
are non-racial. It is possible, however, 
to utilize the anthropologists' knowledge 
of physical inheritance. 

Study of the Dionne quintuplets has 
afforded interesting data regarding the 
inheritance of behavior, personality, and 
temperament. Blatz (33) says that de- 
spite the fact that all five carry exactly 
the same types of whatever genes there 
arc for behavior, personality and tempera- 
ment, the girls show even greater varia- 
tions in these characters than in physical 
make-up and mentality. This would seem 
to indicate that environment must be 
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considered as a constantly operating 
factor. Newman's (113) study of iden- 
tical twins causes him to conclude that 
they show marked similarities in behavior 
and personality which cannot be entirely 
explained on the ground of similar en- 
vironment; that physical characters are 
aflfected least by environment; intelligence 
more; education and achievement still 
more; and personality and temperament 
most. 

Ritala (145), using a different approach, 
has studied the inheritance of body 
measurements in new-born children, and 
has found some definite correlations. 

Thus even in a consideration of man’s 
body, his most fixed character, it will 
be seen that it is difficult if not impossible 
to distinguish between strictly hereditary 
and strictly environmental factors. That 
even the factor of nutrition as it affects 
morphology may not be primarily an 
environmental one is suggested by Mon- 
tessori (103, pp. 75-76), who finds that 
the broad, lateral, or stocky individual 
has a larger volume of digestive organs 
as related to his total body mass than does 
the slender, linear individual. She sug- 
gests that this may be an hereditary factor 
influencing physical status in addition to 
the strictly environmental one of the 
amount of food ingested. Montessori 
has characterized the linear individual as 
having a small boiler and a relatively large 
engine, and the lateral individual as 
having a large boiler with a smaller 
engine! However, objective facts arc 
not completely available as yet to support 
this thesis, and Draper (71) finds this part 
of the morphological problem much more 
complex than Montessori's presentation 
would indicate. Studies relating internal 
organs to external dimensions have also 
been contributed by Bean (10), Castaldi 
(30), R 5 ssle and Roulct (150), students 


of Castaldi, and by Pearl, Gooch, and 
Freeman (m), among others. 

It is apparent that human morphology 
or body-build is probably in large part 
fixed by heredity and to some small ex- 
tent influenced by environmental factors. 
Davenport (63), in a study of inheritance 
in body build, believes that the stronger 
of these two elements influencing mor- 
phology is one of pure gene heredity. He 
seems convinced that he has been able to 
prove satisfactorily that such morpho- 
logical characters as height and body 
build in general arc the expression of two 
or three, or in a few instances as many as 
four, determiners of heredity; and that 
there may even be more hereditary de- 
terminers influencing morphology through 
the indirect means of physiological varia- 
tion; and that environmental factors play 
a relatively minor r 61 c in the determina- 
tion of human morphology. 

An extremely important consideration 
in this connection is the constancy of the 
body build. This will be discussed in 
some detail in a later section, under the 
discussion of age as a factor in constitu- 
tion (sec section II. E. 3.). 

X. The inheritance of physiological 
characters 

If there was difficulty in establishing the 
influence of heredity as distinguished from 
environment in the determination of 
morphological characters, it is obvious 
that the problem is infinitely more com- 
plex in the case of the study of inheritance 
of physiological characters. Little enough 
is known of inheritance in man anyway. 
Petersen (130) in commenting on this 
problem says: ’’The human is a poor 
animal for genetic study; the interval 
between generations is too long, the 
control of the characteristics bred utterly 
impossible.” The closest approximation 
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in man to the laboratory methods of 
observation of the operation of hereditary 
factors in animals is in the study of physi- 
ological processes in identical twins, 
and it is fortunate that a number of careful 
studies have been made in this field, not 
only with regard to physiological proc- 
esses but also with respect to disease 
propensities (see section IL D. 4.). 

In Germany, for example, Lenz (171), 
Siemens (xyfi), von Verschuer (318, 319), 
and Weitz (315) studied respiratory 
rhythm, blood pressure responses, and 
characteristic pulse frequencies, and felt 
that they found sufficient evidence to 
establish the strong likelihood of the 
heritability of these characters. Curtius 
(60) and Curtius and Korkhaus (61) in 
identical twins found marked similarities 
in response to such physiological tests 
as injections of epinephrine and the Vol- 
hard test (the determination of urine 
secretion and of the hemoglobin after 
taking a certain amount of water on an 
empty stomach), the latter test in many 
cases exhibiting an absolute concordance 
in the two twins. Geyer (loi) in general 
confirms these observations. Curtius and 
Korkhaus (61) in one pair of identical 
twins even found identical extra systoles, 
suggesting that perhaps identical stimuli 
affected the vagi as well as the heart 
ganglia in an identical manner in the two 
individuals, thus indicating the probable 
hereditary influence of such physiologic 
regulation . They likewise observed other 
similarities in physiological phenomena, 
as similar or identical pigment distribu- 
tion and vascularization of the skin. 

K. H. Bauer (19) in cross-grafting skin 
from one identical twin to the other noted 
the **humoral identity** of the skin of 
such twins. According to Petersen (130), 
Westergreen studied the sedimentation 
rate in unioval twins and found marked 


parallelisms. On the other hand, Bem- 
heim-Karrer (30) studied the bactericidal 
property of the serum of identical twins 
and found decided differences, so it is 
clear that not all physiological properties 
of identical twins are necessarily similar. 

Another interesting approach to this 
problem of the inheritance of physiolog- 
ical characters has been made by E. Fischer 
(90) who studied Boer-Hottentot bastard 
crossings and noted many apparently sig- 
nificant differences in the behavior of the 
resultant filial generations. 

In the field of physiology the inheritance 
of blood group types is one of the clearest 
demonstrations of Mendclian gene in- 
heritance. Within recent years the ge- 
netics of new and independent antigens has 
been satisfactorily determined. In 1910 
von Dungem and Hirschfeld (313) held 
A and B to be dominant, and O recessive. 
Bernstein (31) showed in 1914 that there 
are six genotypes and four phenotypes, 
and this number was increased to ten and 
six respectively when a “strong** and a 
“weak** A were found by Thomsen, 
Friedenrcich, and Worsaae (300). 

An important advance occurred two 
years later when Landsteiner and Levine 
(167) postulated two new and independent 
antigens, M and N, resulting in two sys- 
tems, ABO, and MN, which give eighteen 
classes of blood. Each of the six ABO 
blood groups is divided into three classes 
according to the presence of M, N, or MN. 

The matter has been further complicated 
by Friedenreich’s (94) demonstration of 
an N2, recessive to the ordinary N gene 
(now Ni)> and an Aj, dominant to O 
(as are Ai and A2) but recessive to Ai and 
A*. The complete ABO system now has 
fifteen genotypes and eight phenotypes. 

Though the evidence is far from conclu- 
sive, there is good reason to believe that 
heredity determines physiological be- 
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bavior as well as morphology, to a very 
large extent, even though environment 
may play an appreciable r 61 e. 

3. The inheritance of psychological 
characters 

It is harder to speak with assurance 
regarding the inheritance of psychological 
types and patterns. There is a growing 
belief that they are to a large extent pre- 
determined by heredity, though environ- 
ment surely plays a relatively large part. 
Nathaniel Hirsch (130), on the basis of a 
study of over one hundred similar and 
dissimilar twins, concludes that though 
both heredity and environment contribute 
to the development of intelligence in 
humans, their contributions arc far from 
being equal, heredity being about five 
times as significant as environment in 
determining I.Q. differences between 
twins. 

According to the studies of Seashore 
(164-168), the various senses required 
for musical aptitude have a constitutional 
basis. A genetic study of musical talent 
by Schcinfcld (139) causes him to conclude 
that **musical talent is in all probability 
inherited through a number of genes acting 
together, and without the required genes 
there can be no musical talent’’ (p. 171). 
But he does not dismiss or neglect the 
influence of environment, which he be- 
lieves cannot create talent but may 
suppress or “veto” it. 

Summing up the prevalent beliefs of 
psychologists regarding the various fac- 
tors involved in producing personality, 
Schcinfcld (159, pp. 198, 199) says that the 
likelihoods of their being produced by 
heredity arc: 

Mosf lihtly to ht influenetd by hmdity: Basic abilities, 
such as intelligence, speed of reaction, motor skills, 
sensory discrimination, etc. 

Lass liktty to ho mflumetd by hmdity: Tempera- 
mental traitt, such as emotionality, alternation or 


evenness of mood, activity or lethargy, and other 
characteristics in which gland activity is conceivably 
involved. 

Ltast lihely to be infiuenced by hmdity: (if at all) — 

Attitudes, stylistic traits, beliefs, values, and other 
such characteristics in which training or conditioning 
are clearly major factors. 

4. Heredity in relation to the etiology of 
disease 

Of more interest perhaps to many is 
the question similar to those asked of the 
r 61 c of heredity in morphology, physi- 
ology, and psychology: what is the 
relative importance of heredity* in the 
predisposition to disease? 

All disease may be defined as simply an 
“abnormal” or “pathological” variation 
of biological processes ordinarily varying 
“normally,” in an individual or in a 
group of individuals. A recognizable 
disease entity obviously is not a simple 
biological matter, and is the result of 
variations in a number of related biolog- 
ical processes. Yet there is scarcely a 
biological picture to be recognized as 
pathological — i.e. a disease — ^which does 
not have at sub-clinical levels its closely 
approximated counterpart, different only 
in degree of abnormality — i.e. deviation 
from the mean behavior. This is true in 
practically every field of biological pathol- 
ogy, whether morphological, physiolog- 
ical, or psychological. In the field of 
medicine many examples could be given; 
here it is necessary to mention only one: 
the work of Konjetzny in the field of 
carcinoma of the stomach. Konjetzny 
(133, 154), studying chronic hypertrophic 
gastritis as a possible precancerous condi- 
tion, finds in some stomachs situations 
where it is quite impossible to define the 
borderline between a benign and a malig- 
nant condition, and concludes that the 
entity malignancy, under such circum- 
stances, is unquestionably a relative mat- 
ter. The same may even be said of many 
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infectious diseases, as tuberculosis, pneu- 
monia, influenza; of degenerative diseases, 
as of the cardio-vascular-renal system; 
and even of traumatic accidents and other 
acute surgical conditions: in essentially 
any kind of pathological variation, there 
is an ill-defined zone beween normality 
and abnormality, between health and 
disease. 

If this concept of disease be tentatively 
accepted, the basic problem can then be 
stated: What is the r61c of the hereditary 
aspect of constitution in the occurrence 
of these extreme degrees of biological 
variation — i.e. in the etiology of disease; 
and the allied problem, how can a con- 
sideration of these matters aid in a better 
understanding of the nature of constitu- 
tion? In the constitutional consideration 
of pathology and disease there arc many 
aspects subservient to the r61c of heredity’s 
contribution to the etiology of disease. 
Some of these will be discussed in a later 
section (see section V. C.)* Here will be 
considered briefly the r61c of heredity in 
predisposition to disease. 

The same difficulties encountered in 
studying the relationship between hered- 
ity and physiology naturally arc evident 
here. But enough valid observations 
have been made to permit Borchardt ( 37 ) 
to list a considerable number of patho- 
logical conditions as they seem, accord- 
ing to various workers, to have definite 
hereditary constitutional factors in their 
etiology, dependent on dominant, reces- 
sive, or sex-linked recessive hereditary 
characters. 

In various diseases heredity naturally 
plays a varying r61c. Hemophilia per- 
haps is the best illustration in man of a 
disease with a sex-linked inheritance. 
Otosclerosis seems proven to be dependent 
on a strong endogenous (hereditary) 
factor. Hacker ( 118 , 119 ) believes that, 
on the basis of the family history, diseases 


may be grouped in one of two categories: 
(a) “associated with Mcndclian trans- 
mission,” or (b) an “inherited . . . con- 
stitution or a certain habitus or status — a 
soil on which varying pathological con- 
ditions may develop, depending on 
conditions.” 

In addition to such diseases as those in 
which the hereditary clement plays a 
proportionately large or even determining 
r61e, there arc many diseases which arc 
relatively impartial in their selection 
of victims. These in man arc chiefly 
the infectious diseases, where the environ- 
mental factors — encounters with bacteria 
— arc largely determinant. There arc 
other pathological conditions in which 
disease seems to be due more largely to 
such fortuitous, not innate, determinants 
as nutrition, poisons, irritants, physical 
accidents, psychic influences, and the loss 
of acquired immunity. But even in the 
face of such circumstances it is necessary 
to remember that individuals vary widely 
in the form and severity of their reaction 
to their exposure to approximately equal 
amounts of such non-hcreditary forces. 
Thus it is suggested that even in such 
conditions the hereditary constitutional 
clement is at least partly a determinant 
of the course of the disease. Further 
discussion of the relation between consti- 
tution in general and disease will be 
deferred to a later section. 

In between the extremes of pathological 
conditions determined predominantly by 
heredity or by environment, and ignoring 
those diseases in which the etiology is 
unknown, must be recognized a third and 
intermediate class, for it is not possible 
to place many pathological conditions 
at or near cither of these extremes. In this 
middle group arc to be found those diseases 
in which the determinants arc largely 
but not wholly both endogenous and 
exogenous : diseases of the glands of 
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internal secretion and of the autonomic 
nervous system, both sympathetic and 
parasympathetic. 

It will be well here to recall that 
health or disease is essentially the result 
of a state of balance or imbalance among a 
great number of biological variables, both 
hereditary and environmental; morpho- 
logical, physiological, psychological; all 
also expressed as a function in time, or of 
the age of the individual. Pearl (xio) 
has defined this difficult picture well, 
while discussing the relationship between 
constitution and health: 

The biological constitution (total personality) of 
an individual at a given moment depends directly and 
immediately upon and is determined by, at least, A — 
The present functional condition (tonus and balance) 
and state of activity of the endocrine system, the 
autonomic nervous system, the vascular and vaso- 
motor system, and the central nervous system (psychic 
influence). All of which in turn depend in part 
upon B, the physical chemistry of the blood, and the 
innate degree of perfection (biological worth) of the 
anatomical structure in general, and of each par- 
ticular organ, and the age of the individual. 

He summarizes by saying that all of these 
biologically integrated variables derive 
from “the inherited kind and quality of 
the biological organization and from the 
environmental circumstances and forces, 
past and present.** These two factors arc 
usually called the genotype ^ — a term used 
by johannsen (141) as referring to the 
“inherited germ plasm,** also called 
“idiotype** by Siemens (176)— and the 
paratype. In this country geneticists em- 
ploy the term phenotype to denote the 
individual resulting from the reactions 
between the genotype (the purely germinal 
make-up) and the environment (187). 
Naegeli C^9^ 2.10) has made a very thor- 
ough study of the genotypic factor in 
the heredity of many medical entities, and 
lists a number of interesting genetic 
mutations. 

A useful approach to the study of the 


r 61 c of the genotypic factor in disease, 
as was the case with the relationship of 
heredity to physiological processes, is to 
observe disease reactions in identical 
twins, although even this closest approxi- 
mation in humans to laboratory conditions 
leaves much to be desired, and has not 
been very extensively employed. Siemens 
(X76) cites examples of striking similari- 
ties of pathological reactivity in identical 
twins. Ganthcr and Romingcr (97) have 
found similar manifestations of exudative 
diathesis in unioval pairs of twins. 
Petersen and Levinson (X31) studied a 
pair of such twins infected with tubercu- 
losis, and found that both had been 
infected in early childhood, that activa- 
tion of the disease commenced in both 
between the eighteenth and nineteenth 
years, and that the clinical findings and 
courses were identical. And Curtius and 
Korkhaus (61) found a marked parallelism 
in the clinical phenomena of tuberculosis 
in a pair of identical twins, including 
similar localization of fibrosis, similar 
tuberculin reactions, and other paral- 
lelisms in the lungs and lymph glands. 
But other observers have not observed 
similar concordance of tuberculosis in 
identical twins, so this evidence is not 
conclusive. 

Much work has been done in studying 
heredity with regard to cancer, both in 
experimental animals and in man. Loeb 
(177) and Slye (178) are among those well 
known for their work in this field. Peter- 
sen (x}o, p. 305), commenting on the 
problem of heredity in cancer, says: 
“We presumably deal with two factors, a 
disposition to blastoma formation on one 
hand and inheritable resistance on the 
other. But exogenous elements frequently 
enter into the initiation of the process.*’ 
While much is known of the r 61 e of hered- 
ity in cancer in animals, where it is 
possible to control gene factors to some 
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extent through careful breeding, it is 
dangerous to draw close parallels in 
applying such knowledge to humans. 
Little (174) in a recent publication states 
in this connection: **Life superimposes 
so many varying circumstances and facts 
that any hereditary tendency so far de- 
tected may easily become swamped by 
other influences. . . . The risk of having 
cancer because one or both parents had 
it is not of practical importance.** 

Perhaps no single infectious disease 
has been studied quite so extensively in 
man, with regard to hereditary as well as 
other constitutional aspects, as pulmonary 
tuberculosis. This is not to say that 
conclusive evidence is available to support 
one hypothesis or another on this subject. 
Pearson (2.2.7) introduced the correlational 
statistical technique as early as 1911 in an 
effort to obtain direct evidence as to the 
r 61 e of inheritance in a tuberculous 
diathesis, and believed that the results 
he obtained were positive, though others 
have been doubtful. Drolet (76) in 1914 
and 19x3 maintained that children of 
tuberculous parents do not inherit a dis- 
position to tuberculous disease but in- 
stead exhibit an increasing degree of 
immunity against it. Gottstein (107) 
has also made a statistical study of the 
influence of heredity in tuberculosis. 
Grimes (113) in an exceedingly interesting 
study of The Natural History of Phthisis 
in rural Iowa families in 1931 found a 
factor besides infection^ presumably identified 
as heredity, which played the major r 61 e 
in the disposition to the disease, though 
he recognized the importance of immunity, 
both natural and acquired. Alons (3) 
and Miinter (2J05) by painstaking studies 
of tuberculosis in families have tended 
to support the hereditary hypothesis. 

From the experimental biological stand- 
point comes some interesting further 
evidence in favor of a considerable hered- 


itary factor in the predisposition to 
tuberculosis. Lewis and Wright (173) 
state: 

Using guinea-pigs belonging to families subjected 
to continuous inbreeding until they are homozygous 
in the hereditary sense, and subsequent crosses be- 
tween these strains, it has been definitely shown that 
resistance to tuberculosis depends in part on factors 
which are hereditary. The essential independence of 
these factors of other factors governing color, fertility, 
and general vigor is indicated. Resistance to experi- 
mental tuberculosis in guinea-pigs is much more under 
the influence of these inherited but undetermined 
factors than it is under that of certain other factors 
also concerned, such as sex, age, weight, etc. 

Pearl (xi8) has made a careful statistical 
evaluation of the relative effects of hered- 
ity and environment in the development 
of clinical pulmonary tuberculosis in 
man. He was successful in employing 
biometric techniques to distinguish be- 
tween the relative importance of contact 
(environment) in families in which tuber- 
culosis existed, and heredity and contact — 
by studying members of households not 
members of families but in as intimate 
contact — and thus indirectly was able to 
distinguish between genotypic and pheno- 
typic factors. He concludes that the 
hereditary factor is the more important 
one. 

Petersen (^30, pp. 304-305), in review- 
ing much of this evidence for and against 
the influence of heredity in tuberculosis, 
says: “Constitution, both genotypic and 
paratypic, may therefore even be the 
determining factor in an infectious disease 
such as tuberculosis.** 

These considerations as to the r 61 e of 
heredity in tuberculosis, to a certain 
extent typical of similar considerations 
in all disease, lead to the conclusion that 
pathology, or disease, in all cases to some 
degree and in some cases to a high degree, 
is influenced by heredity as a predetermin- 
ing factor; and that in this sense an 
individual when conceived is, within 
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limits probably statistically definable, 
likely not only to be of a certain form and 
shape and to behave in a certain physio- 
logical and psychological manner, but 
also will be likely to deviate from a 
‘‘normal” behavior pattern in a predict- 
ably “abnormal” or “pathological” 
pattern. 

E. Other factors in the determination of 
constitution 

Thus far, in considering the nature of 
constitution, we have recognized the 
multi-sided aspect of the problem, involv- 
ing at least morphology, physiology and 
psychology, and have included a brief 
introduction to the concept of resistance 
to disease. We have further recognized 
the r 61 e, in a different dimension, of the 
factors of heredity and environment. 
And we have sought to emphasize the 
essential unity of the constitutional pic- 
ture. It is clear, however, that these 
factors already mentioned do not complete 
the list of variables involved in a consid- 
eration of constitution. Closely allied 
with the hereditary aspects of the problem 
are the further (partially dependent) 
variables of race and sex. A further 
variable to be considered is the variable 
in time — age. A brief consideration of 
each of these will enable us more com- 
pletely to define constitution, and will 
serve more adequately to introduce the 
methodology of the study of constitution 
and a r6sum6 of some of the more im- 
portant findings made by various workers 
in the various aspects of the constitutional 
problem. 

1. The race factor in constitution 

Is racial distribution a causal factor for 
the morphological types which have 
been established by the constitutionalists? 
Hooton (131, pp. 476-481) says that in 
his opinion ” ‘constitutional* types have 


little racial significance; they arc individ- 
ual types or at most family types.” 
Nevertheless his data show that there 
are morphological characteristics in races 
which vary somewhat as do constitutional 
characters. 

Under the “lateral” type he lists several 
Mongoloid peoples, the Eskimo of the 
Northwest Coast, the American Indians 
of the Pueblo district of the Southwest and 
of Mexico and Central America and most 
of South America, and most of the Si- 
berian tribes, the European Lapps, and 
the Alpine race. The “linear** type of 
man Hooton believes is best exemplified 
by the Nilotic Negroes, the Turkana, the 
Suk, the Nandi, the Hamitic Negroids, 
the Oceanic Negroes, the Australians, 
the Nordics, some Mongoloids, and 
American Indians. The type intermediate 
between these two is not characteristic 
of any great division of mankind, al- 
though it is almost universal among 
the Polynesians and is predominant in 
the Mediterranean race. 

Hooton does not believe it is possible 
to relate strongly contrasted types of body 
build with adaptations for different kinds 
of diet, for the distribution of human 
types is not in accord with the dietetic 
habits to which they are supposed to have 
been adapted. The tall, slender, long- 
legged type is called sometimes the 
“carnivorous** type, yet the Eskimo, who 
live almost entirely upon animal food, arc 
short, stumpy, and broad; the Pima, 
Yuma, and many other maize-eating tribes 
of the Southwest arc tall and slender. 
He believes it is more plausible to relate 
body build to the endocrine secretions. 

Not very much is known about racial 
physiology. Work with blood groups 
has yielded tantalizing but somewhat 
inconclusive information (i8o). The 
trouble with most of this work is that 
it has been done in terms of nationality. 
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not race. Some of the most widely dif- 
ferent peoples are quite alike in per- 
centages of agglutinogens, which leads 
to the conclusion that in our present state 
of knowledge blood groupings are to be 
regarded as being inherited independently 
of the physical features of race. 

Still less is known of racial differences 
in pulse, temperature, and respiration 
frequencies. The few studies made in 
this field give promise of the existence of 
significant variations. 

Edineberg (151) subjects the work done 
on the racial factor in physiology to a 
cautious review, and decides that while 
it is unquestionable that actual group 
differences in physiological activity do 
exist, nevertheless it cannot yet be said 
that these originate in hereditary factors; 
in fact, the data even hint at the pos- 
sibility of some other explanation. 

More data have been accumulated 
regarding the racial factor in disease. 
Aside from high susceptibility to a few 
of the contagious diseases brought to the 
New World to which they have not had 
time to develop a certain degree of im- 
munity, Hrdliika (136) finds that the 
Southwest Indians are comparatively free 
from anemia, affections of the breast, 
of the circulatory system, asthma, liver 
disorders, cancer, rickets, hernia, idiocy, 
and insanity. Even where these Indians 
show a higher incidence than whites in 
affections of the gastro-intestinal tract, 
of the respiratory organs, of the eyes, 
muscular rheumatism and senile arthritis, 
small-pox, measles, etc., he believes the 
condition may not be due to constitutional 
factors but to climatic, hygienic, and 
dietetic conditions. 

The Negroes in the registered areas of 
the United States, according to Pearl 
(^19), show less disposition to develop 
carcinoma than do whites, as well as 
diseases of the nervous system, the endo- 
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crines, and the skin. But of lower inci- 
dence in whites are diseases affecting the 
respiratory system, the female genitalia, 
and the skeletal and muscular systems. 

The enormous survey conducted by 
Love and Davenport (180) on 1,500,000 
war recruits gives abundant data on racial 
differences in disease. In general, it 
appears that Nordics show little tubercu- 
losis and venereal disease, defects and 
disease of the eye, ear, nose and throat, 
and developmental defects; they are more 
susceptible to nervous and psychopathic 
disorders, functional and organic heart 
disease, and varicose veins. Alpine 
groups are even less liable to tuberculosis 
and venereal disease, and have fewer 
nervous diseases and less mental defi- 
ciency; they are more prone to defects 
and diseases of eyes, ears, nose and throat, 
heart disease, and developmental defects. 
The groups with a good deal of Indian 
admixture are very superior in their 
resistance to disease in general, except 
for being greatly susceptible to tubercu- 
losis and venereal disease. 

Tuberculosis is a disease which has 
been studied extensively with regard to 
its racial predisposition. Statistics are 
numerous which seem to indicate that not 
only is the incidence of the disease higher 
in Negroes than in whites, but that 
anatomical and pathological characters 
of the disease differ racially. Typical of 
such conclusions arc those of Everett 
(84), who in a study of 75 cases found the 
‘‘childhood type** of tuberculosis more 
common in Negroes and the “adult type** 
more common in whites. Johnson and 
Myers (143), in a study of tuberculosis in 
infants and primitive races (Indians of 
Minnesota, Negroes, and Mexicans), find 
that these racial groups have approxi- 
mately the same first-infection kind of 
reaction to tuberculosis as do whites, 
but that reinfection tuberculosis is likely 
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to follow a different course in primitives, 
— thus doing much to clear up the think- 
ing in this field in recognizing fiirst- 
infection and reinfection forms of 
tuberculosis as “almost two distinct 
diseases/' F. J. Halford (iio), in a 
study of school children of Hawaiian 
blood in the Hawaiian Islands, found 
among these natives a higher incidence 
of tuberculous infection, a higher mor- 
tality from tuberculosis, and certain 
other differences in the course of the 
disease, as compared with other racial 
groups in the Islands; and found further 
that racial admixtures exerted a definite 
influence upon these differences. Bogen 
(35), in a study of racial and national 
origins of patients admitted to a sana- 
torium in California, found that definite 
differences existed in mortality figures, 
but felt on examining the figures and 
circumstances that environmental factors 
more than accounted for the racial mor- 
tality differences. 

Stem-Piper (2.90), Pfuhl (134), Ritter- 
haus (146) and Henckcl (ix6) believe that 
Kretschmer's constitutional types are 
really racial in character and that they are 
not of chance occurrence within races, 
as Kretschmer claimed. They assert that 
the pyknic-cycloid type is actually the 
Alpine race and that the leptosome- 
schizothymic type is the Nordic. That a 
racial factor is involved is denied by 
von Rohden (316), Wertheimer and Hes- 
keth (3x7), Weidenreich (3x3), E. Miller 
(198) and others. Miller's argument is 
that there are no indications of a predomi- 
nance of manic-depressive psychoses in 
races which arc rather pyknic in physique, 
nor of schizophrenia in races in which 
the majority of people have athlctic- 
leptosome physique. 

In his recently published work on 
criminal types, Hooton (134, p. 104) very 
explicitly states that while constitutional 


types arc associated with the type of 
criminal offense, he has carefully con- 
sidered the racial factor and decided that 
this is only partly responsible for the 
types. 

Not enough work has been done on 
classification of body build according to 
race to be certain of facts in this area. 
But it seems likely from the preliminary 
observations of a number of individuals 
that real and statistically significant 
differences as to body proportions as well 
as other morphological characteristics 
do exist between different races. 

X. The sex factor in constitution 

The sex factor in man's constitution is 
of clinical importance. Nature produces 
not only imperfectly sexually differenti- 
ated individuals, but also gives to every 
individual subtle analogies of form and 
psychic pattern which endow that indi- 
vidual with a certain gynandromorphism. 

Draper (71, pp. 135-137) has listed the 
frequency of disease with relation to sex. 
In general, it seems that in the case of 
men it is the mechanism for energy ex- 
penditure which is involved; in the case 
of women, the diseases involve protective 
and energy accumulating mechanisms. 

Inquiring into the cause of differential 
sex predisposition to certain diseases, 
Draper ingeniously reasons thus: There 
is a definite quality of sex to be found in 
all of the cells of the soma and the expres- 
sions of this are the secondary sex 
characters. The tissue cells of a male 
react differently from the tissue cells of a 
female. Therefore these cellular differ- 
ences are to be regarded as being just as 
definitely secondary sex characters as arc 
hair distribution, body contour, and 
psychic pattern. “From the point of 
view that sex appears as a fundamental 
quality of somatic tissue protoplasm, it is 
clear that the susceptibility of certain 
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diseases must often behave like a second- 
ary sex character.** (p. 14^.) 

Sex thus is an important factor in the 
study of the morphological and physio- 
logical and pathological aspects of consti- 
tution. It likewise plays an important 
r 61 e in the psychological aspect of consti- 
tution, but here the environmental prob- 
lem has a proportionately greater 
influence. 

Sex, then, is seen to be a constitutional 
variable in another dimension than those 
already considered, although undoubtedly 
it is to some degree correlated with some 
of them. In all studies of the r 61 e of sex 
in constitution it probably is well to 
study males and females separately, 
though it is likewise important to keep 
in mind the r 61 e of gynandromorphism, 
as suggested by Draper. 

3. Age and growth and the permanence of 
the constitutional make-up 

The factors of age and growth must be 
considered both as to their influence on 
constitutional type and their contribution 
to the understanding of the r 61 c of con- 
stitution in longevity. 

Do morphological characters remain 
unchanged in the face of increasing age 
and growth? It was the contention of 
Sigaud (2.77) and of Viola (308, 309) that 
the types of habitus which they had 
delineated were not altered by age, though 
Sigaud came to give up this belief, which 
has been contradicted by the work of 
Zweig (334), J. Bauer (15), and Brugsch 
(4i). According to Brugsch, the narrow- 
chested type develops to a normal-chested 
type in one third of all cases between the 
ages of twenty-five and thirty-five; and 
the normal-chested type can change with 
age to a wide-chested type. Mills (199), 
who lists major morphological types and 
sub-types, observes that while type may 
change from one to another, the change is 
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always from one sub-type to another. He 
studied one thousand persons and found 
there was no progression from one major 
class to another. 

One major deterrent to the accurate 
recognition of human morphological types 
is the undeniable fact that the human 
body changes size and shape with age, 
and in addition to doing so under a variety 
of normal conditions does so under the 
influence of certain pathological condi- 
tions, as the cachexia of advanced cancer 
or tuberculosis, the adipose changes of 
pituitary disease, even the skeletal changes 
of rickets, acromegaly, etc. 

To the student of the major changes 
of the human body for the years of life 
primarily involved in growth and differen- 
tiation, a vast literature is available, 
among the most reliable studies and 
summarizations of which seem to have 
been those of Bardeen, Scammon, and 
Calkins (10, 156, 157). Several investi- 
gators have made serious efforts to classify 
infants and children according to morpho^ 
logical criteria. Lederer (171) in 1913 
found it possible to apply Sigaud*s clas- 
sification quite successfully. Schultz 
in 1916 was able to distinguish 
significant individual morphological char- 
acteristics even in fetal life. Bakwin and 
Bakwin ( 8 ) made a very thorough study 
of morphological classification in the early 
years of life. Ossipowa (2-14) indicates 
from her investigations that Kretschmer *8 
morphology and characterology begin 
early in childhood and that types can be 
recognized in both dimensions at this 
stage of development. 

Aside from the proportional changes of 
growth and differentiation, which ad- 
mittedly make difficult the problem of 
classifying human morphology in the 
younger age groups, there are the problems 
of wide * 'normal** fluctuations in nutri- 
tional status and the less common though 
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no less real variations in general “condi- 
tion** or “tonus,** especially of the 
musculature. In other words, it is a 
matter of every-day observation that 
individuals may vary considerably with 
respect to (a) deposits of fat, (b) degree 
of development of musculature, and even 
(c) of the more stable skeletal parts of the 
body, such as degrees of mineralization 
and osteoporosis of the bones, with age. 
These fluctuations may well be summed 
up in the not too specific term “physical 
status,** which may be used primarily 
to denote degree of fat deposit and muscu- 
lar development. 

The question rightly raised is: Do “nor- 
mal** changes in physical status, asso- 
ciated with age or other factors, alter the 
fundamental constitutional picture of an 
individual? In the sense that there is a 
marked psychological lability in an indi- 
vidual as the result of many environmental 
factors, it docs unquestionably change. 
Under certain conditions not only the 
psychological, but also the physiological 
and even the morphological pattern of an 
individual may vary, but such changes 
may not be said to be ‘‘normal.** If the 
question is then rephrased: Do “normal** 
changes in physical status, associated with 
age or other factors, alter the fundamental 
morphological constitutional picture of an 
individual? the problem is more imme- 
diately susceptible of accurate evaluation. 

Other authors than those mentioned 
believe that the morphological aspect of 
constitution does change with age and 
nutritional status. Wertheimer and Hes- 
keth (3x7), for example, state that in 
older individuals there arc more pyknics 
than in younger persons. They quote 
Mollcnhoff (101) as believing the same. 
Certain it is that if measurements and 
indices arc used as the major determinants 
of classification of body build, the con- 
stitutional picture will change, in that 


there will be shifting of indices of body 
proportions. For example, some investi- 
gators say that it is not until the twenty- 
ninth year that the maximum growth and 
final proportions of the thorax arc fixed. 
For this reason it would seem proper that 
different values be given to indices with 
change from one age group to another. 
This docs not mean that there has been a 
change from one type of habitus to another 
but that any habitus undergoes indicial 
modification with the passage of years. 
Change in morphological indices with age 
is especially noticeable if weight is one 
factor in such an index. Wertheimer and 
Hesketh (32.7) point out the important 
changes in weight in later life, especially 
associated with certain of the psychoses. 
Draper states (69, p. 98) “the weight 
character is obviously not entirely a 
constitutional factor, but depends upon 
the momentary state of nutrition,** imply- 
ing that weight is in part a constitutional 
matter, and is in part affected by the 
physical status. 

Many have been the authors who have 
examined this matter of nutritional status. 
Most have sought to evaluate this simply 
with some “nutritional index,** depending 
largely on some mathematical relationship 
between weight and some linear measure- 
ment, usually stature. Other measure- 
ments, as sitting height or chest 
circumference, have been employed in 
such indices in an attempt to find a more 
significant relationship, by Fleischner 
(91), Guttmann (116), von Pirquet (315), 
Wagner (32x>), and many others. Bas- 
ically, however, a height-weight relation- 
ship called a “ponderal index** has been 
the method of attack on this problem. 
Among the investigators who have ap- 
proached this problem of an adequate 
expression of nutritional status with 
various nutritional and ponderal indices 
have been Bardeen (10), Dreyfiiss (73), 
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Emmerson Manny C^86), Gerber 

(icx)), Livi (175), Matusiewiez (191), 

Rohrer (147), and Brugsch (41). Among 
the expressions for the ponderal index 

that have been used are ; 

Height Height* 

Weight Weight Weight , , . 

tt — * — ii ' — iz — • • T T » — v — ) and their 

Height*® Height* Height 

inverses. Kelly (147) in a careful investi- 
gation of this problem found the most 

satisfactory exact index to be 

^ Height*®^* 

for males and for females, but 

Height*-^* 


that differed very slightly from 

these and was adequate for all practical 
purposes. McCloy and associates (195, 

p. 103) have adopted 

ponderal index of choice, after a very 
careful consideration of the entire subject. 
Sheldon (173) has adopted the inverse of 
this index. 

Numerous as have been these efforts to 
define nutritional status mathematically, 
they have not succeeded in allowing for 
the important matter of the relation of the 
ponderal index to individual variation in 
body build. One of the best approaches 
to this vital problem has been that of 
McCloy and associates (193, 196) at the 
Iowa Child Welfare Research Station. 
They take four measurements on the 
subcutaneous fat (chest front, chest back, 
supra-iliac, and abdominal) to correct 
certain transverse trunk measurements; 
and certain limb (muscular girth and 
joint diameter) measurements for deter- 
mining relative musculo-skeletal develop- 
ment; and then by means of suitable 
formulae and tables are able to give 
mathematical expression to the individ- 
ual's relative body build, and so predict 
the **normal weight’* for that particular 
constitution at that particular age. This 


technique is a distinct advance in the 
somametric analysis of body build, for it 
enables one to use anthropometric data, 
including the highly labile one of weight, 
without indicial distortion. 

A particularly able study of the effect 
of exercise upon the musculature has been 
made by Arnold (6), in a group of athletes, 
who, theoretically at least, have the 
greatest potential lability of this particu- 
lar part of the soma. Arnold finds that, 
with exercise, the following changes in 
body measurements occur: the ponderal 
index decreases due to loss of fat; shoulder 
breadth, chest circumference, and the 
thoracic index increase; other breadth 
measurements of the trunk, and circum- 
ferential measurements of the extremities 
do not change; in the same age group 
athletes are generally larger and more 
robust than a random sample of the 
population; and leptosomes and pyknics 
decrease and the athletic type increases in 
frequency. 

It will be clear from this discussion, 
however, that although bodily indices 
and proportions may change with exercise, 
nutrition, etc., it docs not necessarily 
follow that the fundamental kind of 
morphological make-up (constitution) 
also changes, for indices arc not altogether 
adequate measurements of the body build. 
It seems likely that if some such technique 
as that worked out by McCloy and asso- 
ciates had been applied to Arnold’s data, 
radically different conclusions might have 
been the result. 

As the physiological and psychological 
make-up are less determined by heredity 
and more influenced by environment, it is 
evident that they are less constant and 
permanent with the passage of time, this 
being the case more with the psycholog- 
ical aspect than the physiological. 

An important contribution to the prob- 
lem of changes in physical build with 
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age, as related to the development of 
disease, has been made by Reed and Love 
(243a), who followed up the incidence of 
disease in U. S. Army officers ten to twenty 
years after their admission to the service, 
when careful anthropometric measure- 
ments had been taken. They found, for 
example, that individuals who developed 
tuberculosis had a characteristic body- 
build, judged chiefly according to a 
height-weight relationship, as much as 
twenty years before the appearance of the 
clinical manifestations of the disease 
(see section V. C. 4.). The officers aged 
XI-X5 who developed tuberculosis twenty 
years later had a mean weight of 138.39 
lbs., with a stature average of 70 in., as 
compared with averages of 151.X7 lbs. 
and approximately the same height in the 
entire group — a difference of ii.88 lbs. 
And the officers aged 16-35 who developed 
tuberculosis ten years later weighed 141.95 
lbs. on the average, as compared with men 
of the same height averaging 158.11 lbs. 
in the general group, a difference of 15.16 
lbs. In brief, in every age group those 
individuals who ultimately were to de- 
velop clinical tuberculosis character- 
istically were of a tall spare build as 
compared with other officers. This kind 
of study would seem to go a long way 
toward meeting the criticisms of many 
observers of constitutional studies, who 
suggest that a certain body build found 
to be associated with a given disease is 
perhaps the result of that disease rather 
than a predisposing factor in its develop- 
ment. 

Another interesting and fruitful source 
of inquiry has been suggested by Graves 
(in) in studying the relation of constitu- 
tion to longevity. The result of three 
decades of work with scapular types has 
convinced him that if certain features of 
the habitus, not subject to age changes, 
are found in higher percentages among 


older individuals, then it follows that 
there is some sort of connection between 
these features and longevity. 

Graves* work is worth describing. He 
noted that the vertebral borders of scapu- 
lae were either concave, straight or 
convex. After long study, he concluded 
that these variations in contour expressed 
capacity for adaptation and survival. 
His studies of individuals, families, and 
groups led him to state that the concave 
and straight scapulae are most frequently 
found in those who are innately remote 
from the biological ideal in total mUke-up 
and adaptation — the weak, the unhealthy, 
the “plus-potentially unhealthy.** Con- 
versely, convex types of scapulae he found 
occurred most frequently in those who are 
strong and healthy. Graves claims that 
the incidence of the convex type increases 
from 35 per cent to 65 per cent in the 
successive age periods from birth to old 
age, and that this must not be construed 
to mean that scapular type changes, for 
after the type is once formed there is no 
change. Graves explains this age inci- 
dence as * 'better adaptability, less morbid- 
ity, less mortality and greater longevity 
among the bearers of the convex than 
among the bearers of the scaphoid types.*’ 

Up until recently, the only investiga- 
tions of inherited character-types in rela- 
tion to age and longevity were those on 
scapulae. Graves (no) has now inspired 
other workers to make similar studies of 
other inherited character-types, such as 
blood groups. Preliminary results, based 
on too small a sample, indicate that O 
is most associated with longevity and 
AB least. 

Pearl and Pearl (xx4) have stated that 
longevity may be "regarded as a simple 
numerical expression of the integrated 
eflfects of all the forces that operate on the 
individual, innate and environmental." 
They believe that though longevity is 
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undoubtedly affected by all sorts of en- 
vironmental circumstances, it is neverthe- 
less intimately connected with the bio- 
logical constitution of the individual. 
They have shown by a study of nonagena- 
rians and centenarians that “for every 
year of superior longevity realized by the 
longevous group, there is a corresponding 
superiority in the longevity of their 
immediate ancestors.*.* 

Rossle (2.49) has likewise studied the 
constitutional factors involved in living 
to old age, and concludes that longevity 
is distinctly an inheritable factor, prob- 
ably associated with definite constitu- 
tional patterns. Few if any careful 
studies, however, have been carried out 
to determine the morphological classifica- 
tion of the same individual or group of 
individuals over a period of time. 

In order to ascertain the stability of 
constitutional make-up it would be best 
to carry on observations on individuals 
from birth to death. Unfortunately this 
has never been done, although Graves 
(109), on the basis of examinations on two 
hundred individuals for a period of only 
eighteen years, believes he has established 
the fact that the shape of the vertebral 
border of the scapula is determined by the 
tenth fetal week and does not change with 
age. Another part of the constitution 
which is believed not to change through- 
out life is the individual blood group 
(see section II. D. x.). 

Treadgold (304) has observed that it is 
rare for underweight individuals to change 
to overweight, and vice versa, as deter- 
mined relative to common weight stand- 
ards, and it is an every-day observation 
that while normal weight may change 
considerably it rarely changes radically 
from an under- to an over-weight group. 

The problem of the possible change of 
the morphological constitution is an 
exceedingly complex and difficult one. 
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Frequently a young man or a young 
woman in the teens is seen to blossom in 
later life into the full bloom of a pyknic. 
This apparent metamorphosis has been 
sympathetically referred to by Sheldon as 
a “pyknic practical joke.** Any attempt 
to classify such an individual in early 
adulthood or earlier solely by strictly 
anthropometric techniques will not take 
into account the more clastic structures 
of the body that arc so important in 
morphological classification . Attempting 
to measure the soft parts may also lead 
to error, through faulty techniques or 
through faulty selection of measurements. 
It seems likely, at the present stage of 
constitutional classification, that scopo- 
metric classification (see section IV. A. 
X. c.) is the most valid, avoiding at once 
the Scylla of too great subjectivity and 
the Charybdis of sole reliance on objective 
measurements; and that, making suitable 
and adequate allowance for minor changes 
in physical status, the morphological 
component-picture, or type, does not 
change appreciably if at all from birth to 
death, except under the duress of patho- 
logical conditions. 

F. Final definition of constitution 

Having now considered the nature of 
constitution from a number of points of 
view, it will be possible to formulate a 
meaningful definition of just what con- 
stitution is. 

Constitution, then, is to be defined as 
the sum total of the morphological ^ physiology 
ical^ and psychological characters of an 
individual^ with additional variables of race^ 
sex^ and age, all in large part determined by 
heredity but influenced in varying degrees by 
environmental factors, all of which, when 
integrated and expressed as a single biological 
entity, fluctuate in varying degrees over a wide 
range of ** normality'* and occasionally cross 
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an arbitrary boundary into ** abnormality" or 
pathology. 

III. THB UTILITY OF CONSTITUTIONAL 
KNOWLEDGE 

Having examined and defined the nature 
of constitution, one may well inquire, 
what is to be gained from a study of 
constitution? 

The main theoretical objectives have 
been expressed by Pearl and Ciocco (2.11, 
p. 30) as follows: 

The study of human constitution has for one of its 
major objectives the discovery of stable organic 
correlations (integrated biological relations) between 
the morphological, physiological, psychological, and 
pathological characteristics of the individual, and 
eventually the precise nuinerical measurements of 
such correlations. In particular, with regard to the 
relation between somatic constitution and disease, it 
seeks the degree of consilience between variation in 
morphology and normal or pathologic physiology; 
and the part this plays in predisposition and different 
individual reactions to infectious and other diseases. 

Our ultimate interest in these problems 
is to take advantage of discoveries thus 
made and the leads which they provide 
in diagnosis, therapy, prognosis, and 
prevention. When this branch of science 
shall have been established on a strong, 
scientific basis it should be possible, for 
instance, to study carefully the individual 
make-up and recognize those variations 
which may dispose to certain diseases. 
Draper (71, p. 139) has likened the 
defenses of the human being to **the 
famous British square which Fuzzy-Wuzzy 
broke,” whose four sides are seldom 
equally strong. 

Being aware of the assaults of the en- 
vironment which continually harass the 
individual constitution, it should be 
possible to decide where is the Achilles’ 
heel — the locus minoris resistentiao — of the 
individual, and to endeavor to avoid 
events, objects and personalities which 
are apt to provoke in him reactions 


especially dangerous to the phenotype. 
Those organic invaders, ways of living, 
and climatic conditions likely to be most 
harmful can be avoided, once forewarned. 

To aid in understanding those morpho- 
logical aspects of constitution which are 
correlated with survival value. Graves 
(ill) has advanced the ”age-incidence” 
principle as a method of qualitative 
evaluation of the biological significance of 
the permanent, or relatively permanent, 
types of inherited characters, whether of 
structure, function, measurements, or in- 
dices. While sound in its logic. Graves* 
principle has thus far yielded few positive 
results, primarily because not many re- 
search workers have utilized the method. 

In addition to contributing possible 
preventive methods, constitutional knowl- 
edge may contribute to actual therapeutic 
measures. Psychoanalysts have empha- 
sized what good practitioners have known 
for centuries — that phantasy, imagery 
and symbolism are important causes of 
disease. They have been able in many 
cases to restore disturbed emotional rela- 
tionships and eliminate disease. Regula- 
tion of nutrition, body chemistry, and 
even internal secretions might be at- 
tempted after more is known of their r 61 e 
in and influence upon constitution. 

In the field of medicine known etiolog- 
ical agents, even in infectious diseases, 
probably are only partly the explanation 
of an individual’s susceptibility to a given 
disease. If it were possible to measure 
and correlate the amount of an infectious 
agent (size and virulence of dose) against 
the degree of clinical pathology associated 
therewith, the correlation would not be 
perfect. In different diseases perfect cor- 
relation would be approximated to a 
greater or lesser degree. In childhood, 
for example, exposure to measles is highly 
correlated with the development of 
rubeola; the correlation of the develop- 
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mcnt of the paralytic form of poliomyelitis 
with exposure to the filtrable virus of 
infantile paralysis is lower. To interpret 
such a statistical expression would mean, 
in the first instance, that exposure to 
measles was nearly all the circumstance 
required to get the disease in childhood; 
in the latter, that other factors, not repre- 
sented in the particular bivariate correla- 
tional study, are involved to a greater 
degree. By suitable statistical devices 
other possible correlates may be discov- 
ered, and their combined correlation, 
expressed in a suitable statistical manner, 
may be considerably higher than with the 
single correlation of the disease occurrence 
with exposure. It seems likely that in 
this way constitutional factors can be 
delineated and measured which will add 
to the total knowledge and predictability 
of disease. 

The aim in modem medicine is to make 
a doctor, in the first place, a more accu- 
rate diagnostician. With further accu- 
rate studies in the field of constitution 
it should be possible to equip the physician 
with yet another tool in his armamenta- 
rium, this time not another laboratory 
test, but clinical insight into the restric- 
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tions of constitutional variation as 
manifested in disease. 

In this connection Coerper (57) sum- 
marizes the utility of constitutional 
knowledge well when he makes a plea 
for constitutional clinical training as a 
part of medical training. He points out 
that to know a disease is one thing, to 
understand a sick man another; and that 
methods of constitutional investigation, 
particularly since the introduction of 
biometric analysis, are reliable and con- 
tribute to the accuracy of diagnosis, prog- 
nosis, and therapy, as well as prevention. 

Prediction and direction of an individ- 
uaPs biological evolution, however, is a 
somewhat restricted conception of the 
possible utility of constitutional investi- 
gation. Diagnosis, therapy, and preven- 
tion may be considered the chiefly 
defensive function of man’s biological 
knowledge. Of potentially greater sig- 
nificance is the possibility that, through 
all scientific knowledge, constitutional 
and otherwise, man may be so able to 
control and direct his destinies that true 
biological evolution will ensue. 

(To be concluded) 
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I. INTRODUCTION 

S tudies on the problem of regen- 
eration clearly illustrate the domi- 
nant trends that have guided the 
development of protozoology. 
Real contributions to the general subject 
of regeneration date from Trembley’s 
inaugural work on Hydra (1740), follow- 
ing which many other Metazoa were 
studied. The first intimation of the ex- 
istence of comparable phenomena in 
Protozoa was contained in the casual 
observations of eighteenth century tax- 
onomists and natural historians. In the 
following century, when the classical 
studies of Dujardin, Schultze and others 
had shifted emphasis in protozoology to 
the nature of protoplasm, further inci- 
dental records were added. With the 
discovery of nuclear activity during sexual 
processes (Balbiani, 1861; Biitschli, 1876; 
etc.), many came to support the view that 
the nucleus was the most important 
constituent of the protozoan cell. 

In the late nineteenth century, there- 
fore, the time was ripe to probe the rela- 
tive r 61 cs of nucleus and cytoplasm in 
various life processes; regeneration experi- 
ments on unicellular organisms afforded a 
direct method. Unicellular material is 
desirable in several ways for studies of 
regeneration. It is possible to separate 
nuclear and cytoplasmic elements, to 
remove minute and yet essential constitu- 
ents, and to correlate nuclear and cyto- 
plasmic activity during the ensuing 


regeneration. The course of morpho- 
genesis might be expected to proceed more 
directly in organisms in which the 
relation of cause and effect is not masked 
by multiccllularity. 

The problem of regeneration has been 
approached in two general ways. Many 
investigators have been occupied simply 
with tracing the regenerative capacity of 
Protozoa. Often guided by little more 
than intrinsic curiosity, these descriptive 
studies have not attacked the basic prob- 
lem. A more fundamental appoach has 
emphasized the mechanism controlling 
the regenerative process. The explana- 
tion of new-formation of structures has 
been sought by some investigators in 
terms of cytoplasmic movements accom- 
panying regeneration; by others, in terms 
of nuclear activity stimulating the pro- 
duction of formative substances. A few 
workers have adduced evidence of the 
activity of physiological gradients during 
normal and experimental differentiation 
of Protozoa. 

In connection with these studies, it 
has been found that the regenerative 
process often simulates the reorganization 
which accompanies the various phases of a 
protozoan life history (fission, encystment, 
and sexual reproduction). In each in- 
stance, whether it be a mutilated or 
otherwise physiologically altered individ- 
ual, there occurs an initial loss of 
structural differentiation. Following this 
process of “simplification" the species- 
pattern is re-differentiated in all cases by a 
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fund^unentally similar method. This 
suggests the possibility that one basic 
mechanism may control both normal and 
experimental reorganization. If this 
proves true, then regeneration phenomena 
too would properly be considered to in- 
volve a kind of developmental change. 

These various approaches have contrib- 
uted many data bearing on regeneration. 
The scope of the present review is to treat 
the respective groups of Protozoa in the 
general order of their derivation, and 
wherever possible to emphasize underlying 
similarities linking the processes accom- 
panying regeneration and ontogeny. It 
may be hoped that in this way certain 
conclusions of general importance will 
emerge concerning the problems of pro- 
tozoan organization. Moreover, some of 
the recent studies on micro-organisms 
seem to have applicability to more 
general problems of regeneration. (Dis- 
cussion of literature bearing on protozoan 
regeneration may be found also in reports 
by Biitschli (1887-1889), Przibram (1909, 
1919), Sokoloff (x 92 . 4 )> Korschelt 
(I91-7)) 

II. EARLY ACCOUNTS OF REGENERATION 

The older microscopists bore visual 
witness to the viability of mutilated 
Protozoa, although in general no effort 
was made to follow restorative processes. 
As early as 1769 Ellis had observed the 
fragmentation of certain ciliates under 
unfavorable conditions; the surviving 
pieces continued indefinitely to live and 
to move. Eichhorn (1783) was stimu- 
lated by Trembley's work to test the 
regenerative response of the large helio- 
zoan, Actinosfhamum, In three instances 
he observed the reconstitution of muti- 
lated individuals. The Italian naturalist, 
Guanzati (1796), accurately described 
some interesting form-changes in a hypo- 
t’richous ciliate Q'Protms'\ during which 
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an extrusion of part of the body was 
followed by restoration of the normal 
shape. 

In the nineteenth century pertinent 
data appeared in various sources. Ehren- 
berg's treatise (1838) contained many 
references to fragmentation in Protozoa 
by partial cytolysis. Most of these were 
misinterpreted as illustrating extrusion of 
eggs and embryos, which was in con- 
formity with the exaggerated complexity 
ascribed by Ehrenbcrg to protozoan struc- 
ture. In fact, the generic characteristics 
of Stentor included the habit of bearing 
young by cytolysis (p. l6l); similar inter- 
pretations were made for Paramecium^ 
Stylonychia^ etc. Accidental fragmenta- 
tion was also recognized, in S. mytilus^ 
for example, “Cytolysis produces remark- 
ably active, viable fragments. ...” (p. 
371). No definite indications of regen- 
eration were given in any part of the 
work. 

At about the same time Dujardin (1838, 
1841) incorporated his intensive observa- 
tions into a series of works. In sharp 
contrast to Ehrenberg, he denied the ex- 
istence in Protozoa of definite internal or- 
gans; to substantiate his view he pointed 
out that small pieces of experimentally 
mutilated S, fustulata and Oxytricha felli(h 
nella continued to live, which would not 
be expected if the missing parts were 
highly organized (1838, p. 313; 1841, p. 
4x3). Concerning regeneration Dujardin 
made the happy surmise for ciliates that, 
“. . . if, despite their small size, one could 
cut them into fragments, each part would 
continue to live and would become a 
complete infusorian again . . .“ (1841, 
p. 31). 

Petty (i85x) supported Dajardin’s views 
but did not refer to regeneration. 
Claparide and Lachmann (1858-1861), 
on the other hand, opposed these views. 
They summarized their position by sut- 
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ing, . . wc arc not yet convinced that a 
fragment of any kind from these animals 
[the ciliates] can reproduce a complete 
individual.*’ (p. ii). 

Stein’s monograph (1839) contained 
scattered references to the survival of 
fragments of ciliates QS, myttlus^ p. 15 1; 
etc.). He reached the same conclusion 
as some of the above workers, that many 
supposed genera of early investigators 
like O. F. Muller were actually pieces of 
well-known species. The large hypo- 
trich, Urostyla^ was observed to recover 
its normal form and activity following 
experimental mutilation (pp. 193, 195). 

Max Schult2c’s study of protoplasm 
(1863) led him to investigate the eflFect 
on viability of crushing foraminiferan 
shells. The miliolid species he used 
remained active for a short time, but he 
did not record any regeneration. In 
Haeckel’s collected biological studies 
(1870) appear references to cutting experi- 
ments on Actinosfhaerium^ Myxastrum and 
Frotomyxa (p. ii, 34). Fragments be- 
haved normally during the brief period 
of his observations. 

Some contributions of little importance 
include WreSniowski’s observation (1870) 
that Stylonychia fustulata mutilated by 
predatory Dilepus apparently continued 
to live; Parker’s reference (1883) to an 
alleged “reproduction by partial disso- 
ciation’’ following natural fragmentation 
of Amphileptus fasciola; Worcester’s similar 
account for Stentor coeruleus (1884); and 
Gruber’s record for Oxytricha sp. (1885a). 

III. ORGANIZED STUDIES OF REGENERATION 

The previously cited works threw little 
light on the problem of regeneration 
beyond indicating a rich, unexplored 
field. Meanwhile the first organized stud- 
ies were being made, and since 1880 an 
ever increasing series of investigations 


has probed the extent of protozoan re- 
generation. 

(i). Mastigophora 

Turning to the groups of Protozoa in the 
general order of their derivation, we find 
in the first instance few experiments 
involving flagellates. Peculiarly enough, 
the types used have been highly special- 
ized. Kofoid (1908) described regenera- 
tion following autotomy in Ceratium^ an 
armored dinoflagellate. Depending upon 
environmental fluctuations, its lon^ horn- 
like extensions could be lost and replaced 
by new ones. Hubcr-Pcstalozzi (191^) 
experimentally induced the breaking of 
the horns of Ceratium hirundinella by 
centrifugalization. In the subsequently 
regenerated structures he described a 
relatively high incidence of malformations 
(“hyperplastic regeneration’’). 

Noctiluca miliaris is a fragile, lumines- 
cent form which is also included within 
the Dinoflagellida. Webb (1855) defi- 
nitely noted regeneration in mutilated 
individuals and thereby satisfactorily dis- 
posed of Busch’s interpretation (1851), 
and the later observation by Pouchet 
(1885), that these represented reproduc- 
tive stages. Some years later Donitz 
(1868) and Cienkowski (1873) described 
the restorative process in Noctiluca, Fol- 
lowing injury and the resulting collapse 
of the turgid cell membrane, the plasma 
network retracted to the central mass 
around the nucleus. New-formation de- 
pended on the extent of injury; it could 
consist in the differentiation of a new cell 
wall from the vesicular periphery of the 
central mass, the discarding of the old 
cell wall, and the subsequent development 
of staborgan, flagellum, and remaining 
structures. In its most complete expres- 
sion, experimental reorganization seems 
to simulate the changes occurring in the 
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division process. Cienkowski went fur- 
ther in making experimental tests of the 
regenerative potencies of various frag- 
ments, concluding, “Even in very minute 
bits of protoplasm the essential organelles 
of Noctiluca can be formed de novo'' (p. 51). 
The most extensive cytological study of 
Noctiluca was made by Pratje (1911). 
His observations on regeneration were 
limited to an account of the replacement 
of an injured cell membrane and its 
derivative, the staborgan. He recorded 
the migration of central plasma and 
nucleus to an injured site, where cyto- 
plasmic threads were sent out, and the 
subsequent return of these wandering 
elements to a sub-cytostomal position. 

A novel approach was employed by 
Hiibner (1901) on a complex colonial 
phytomonad, Volvox globator. He tested 
the ability of somatic cells to restore 
experimentally removed sectors of the 
spherical colonies, which are composed 
of somatic and germinal cells. In more 
than loo operations of various kinds, 
isolated groups of somatic cells failed 
uniformly to regenerate mutilated colo- 
nies. Individual cells were too small to 
test intracellular potencies. Without ref- 
erence to the preceding, Bock (192.6) 
worked on a series of colonial phyto- 
monads: Gonium pectorale^ Pandorina motum^ 
Eudorina elegans^ and Volvox aureus \ only 
the last possesses germinal and somatic 
differentiation. By testing the reactions 
of isolated cells, he sought to determine 
whether the Volvocidae represented colo- 
nial or multicellular individuals. He 
found that with advancing complexity 
in the series, the effects of mutilating 
colonies became increasingly severe. Thus 
while cells of Gonium and Pandorina 
regularly restored entire colonics, Eudo- 
rina cells produced only incompletely 
formed dwarf colonies, and Volvox cells 


died with no evidence of multiplication. 
These experiments indicate that mature 
somatic cells of the Volvocidae cannot 
regenerate a colony. It should prove 
interesting to trace this reaction back 
through the earlier stages of differentia- 
tion in a Volvox colony. Pietschmann 
(reported in Przibram, 1909, p. 8) found 
that operations on young daughter-colo- 
nies of Volvox produced the same negative 
effect as in Hubncr*s experiments, but 
apparently no attempt was made to test 
cleavage stages. 

(1). Sarcodina 

Of the Sarcodina the relatively simple 
Amoebida were among the first used for 
regeneration studies. Grccff (1867) ef- 
fected fragmentation in a large unnamed 
form (probably Pelomyxa'), with the result 
that most of the fragments developed 
into completely normal individuals. Un- 
aware of the multinucleatc condition of 
Pelomyxa^ Grccff concluded simply that 
experimental divisibility was probably, 
widespread among Rhizopoda. A. Gruber 
(1886) amplified this finding in his 
study of Amoeba proteus. He showed 
that while nucleate pieces regenerated 
normally, enucleate individuals became 
spherical and died within a few days. 

Subsequent workers have used amcbac 
for various experimental purposes; some 
of the results seem pertinent to the prob- 
lem of the r 61 c of the nucleus and 
cytoplasm in regenerative processes. 
Through his extensive experiments on 
A, proteus^ Hofer (1890) undertook to 
reinvestigate the problem of nuclear 
versus cytoplasmic control of various 
cellular functions. His protocols of re- 
generation added a more detailed analysis 
of Gruber’s results. LcDantec’s study 
of digestion (1894) revealed only the fact 
that enucleate A. proteus and Grmia 
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fluviatilis could not assimilate and conse- 
quently degenerated. Pcnard’s treatise 
on rhizopods (1901) recorded fragmenta- 
tion of Pelomjxa spp. and A. fluida under 
unfavorable conditions, and the regenera- 
tion of nucleate pieces (p. 141). His 
observations of pellicular amcbae (1905) 
disclosed that enucleate A. terrkola could 
heal a mutilated pellicle, but it survived 
only five days. Grosse-Allcrmann (1909) 
was able to keep enucleate fragments of 
this species alive for 2.5 days without 
observing regeneration. Stoic (1910) re- 
corded the culture of enucleate A, proteus 
for 30 days. He claimed that digestion 
occurred in these fragments without the 
subsequent assimilation necessary for re- 
generation. 

K. Gruber (1911) noted that removing a 
portion of the cytoplasm of A. proteus 
resulted in a corresponding decrease in 
nuclear volume. This supplied evidence 
of a physical interaction between cyto- 
plasm and nucleus, quite apart from any 
chemical interchange which may occur 
during periods of morphogenesis. Willis' 
observations on the behavior of A, proteus 
(1916) included the interesting fact that 
only nucleate pieces could attach to the 
substratum (which Dellinger, 1906, had 
shown to occur in normal locomotion). 
This is probably a factor in explaining the 
normal behavior and survival only of 
nucleate fragments. 

The regeneration process was used by 
Hartmann (192.4; 192.8) to act as a substi- 
tute for normal binary fission in A. proteus 
and A, polypodia. By regularly removing 
a small amount of cytoplasm before the 
time of normal division, he was able to 
inhibit reproduction during the four 
months’ duration of his experiments. 
This was for Hartmann an experimental 
demonstration of the potential immortal- 
ity of protozoan individuals, amplifying 
Weismann's well-known theoretical con- 


siderations of the potential immortality 
of a clone of Protozoa. Work on ciliates 
has extended this approach (see Bauer and 
Granowskaja, 1934 ). The less complete 
results of Phelps ( 1916 ) for A. proteus^ 
during an experimental period of 32. days, 
corroborated the above findings. 

In amcbae regeneration obviously can 
apply only to restoration of cytoplasm, 
and possibly of a new cell membrane at a 
site of injury. The shell-formations of 
the Tcstacca and Foraminifera introduce 
additional derived structures for experi- 
mentation. The shells of Tcstacca arc 
composed cither of chitinoid membranes 
(Arcella^ etc.), secreted platelets CEugljpha^ 
etc.), or foreign accretions (Difflugia^ 
etc.). Verwom (1888) could observe 
no shell regeneration in experimentally 
mutilated D. urceolata. Penard (1900) 
reported similarly for four other species 
of Dijjftugiay and Okada (1930) for a fifth; 
while Martini (1905) and Hegner (192.0) 
added similar observations for five species 
of Arcella. In all instances the mutila- 
tions were preserved and adjustments in 
behavior resulted. 

The more complex Foraminifera have 
yielded some important data bearing on 
regeneration. Dujardin (1835) prob- 
ably the first to observe the continued 
activity of crushed fragments of a species 
of the Miliolidac, without pursuing the 
implications of this fact (p. 351). There 
followed a series of reports treating of 
regenerative growth in Foraminifera. 
From a study of preserved shells. Car- 
penter, Parker and Jones (1861) gave a 
description of the regeneration of muti- 
lated chambers in Orbitolites sp. They 
likened the process to the healing of an 
ulcerated surface. The Challenger expedi- 
tion material studied by Carpenter (1883) 
and Brady (1884) furnished additional 
evidence that Orbitolites possesses great 
regenerative ability. In 0 . tenuissima^ 
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for example. Carpenter reported that 
. even a mere fragment broken away 
from the margin of a disk may suffice to 
originate a new one” (p. 19). 

Biitschli (1886) made the important 
observation on normal young specimens 
of 0. complanatus that its nuclei tended to 
accumulate peripherally at the site of shell 
secretion. This fact was corroborated 
by Verwom (1888) and by Rhumbler 
(1901) for several Foraminifera. Ver- 
wom 's analysis of shell regeneration in 
Polystomella crispa showed further that 
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regeneration in the former case alone 
probably rests, therefore, on the different 
developmental potentialities of the two 
groups of organisms. 

Rhumbler*s exhaustive study of shell- 
formation in Foraminifera (190Z) led him 
to support Verwom*s view that the 
foraminiferan nucleus plays a direct secre- 
tory r 61 e in the regenerative process. 
The only negative record seems to be 
Schultz's experimental study (1915) on 
Astrorhizji litntcola. Excision of radial 
projections from the shell (through which 
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Fxo. X. Th&bb Casbs or Rbobkbeation Following ExasxoNt in a Fo&aminifbean, Poltstomblla ( » 

Elphidium) crispa 

Note that in each case the newly forming shell is secreted as a calcareous mass which is held in common by 
all of the cut chamberlets. x x ■■ line of excision; r/g. — regenerating shell. (After Verwom, 1888, re- 

drawn and slightly modified.) 


nucleate fragments uniformly repaired 
shell injuries, while enucleate individuals 
survived almost three weeks without 
any evidence of regeneration (Fig. i). 
This was apparently clear-cut evidence of 
secretory activity of the nucleus in shell- 
formation. Comparing this case with 
the wholly negative results he obtained 
in Tcstacca, Verwom pointed out that 
whereas the foraminiferan shell continues 
to grow during most of its lifetime, the 
testacean shell is completely formed in 
one step at periods of cell division (Fig. 
z). The existence of the capacity for 


rhizopodia arc normally extruded) 
evoked local healing but no regeneration. 
Since Astrorhix/t is known to have a highly 
variable shell contour, no integral loss 
to the organism was involved in these 
experiments. It is surprising that further 
investigations have not been undertaken 
on such excellent research material, espe- 
cially in view of the current emphasis 
on morphogenetic studies. 

The axopodia-bearing Heliozoa were 
experimented upon as early as 1867, when 
Grecff effected fragmentation in Actino- 
sphamum eichbomii. As in the previously 
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cited case of Fdomyxa^ he noted no con- 
nection between survival and the composi- 
tion of the viable fragments. Brandt 
C1877) repeated these experiments. He be- 
came the first protozoologist to state that 
only nucleate fragments survive and re- 
generate: “This series of changes [i.e., 
regeneration] occurs only in fragments con- 
taining at least one nucleus; enucleate frag- 
ments and isolated nuclei themselves de- 
generate*' (p. 30-1). 


nucleate base, erect stalk and a capitate 
upper end bearing skeletal plates and 
axopodia. Ziilzer’s lengthy study of this 
form C1909) included a few regeneration 
experiments. Of 18 decapitated individ- 
uals, 3 survived; each regenerated a 
complete “head,** with new central 
kinetic granule, axopodia and peripheral 
platelets. The removed enucleate * ‘heads** 
did not regenerate, but died after a brief 
time. More experimental work is needed 



Fio. 1. Asbxual Rbproouctxon in a Tbitacban, Dxffluoza uxcbolata 
x-’4. The newly forming shell is constructed from forci^ particles held in reserve by the parent. 5. A dis- 
sected individual showing normal extrusion of pseudopodia. (After Verworn, 1888, redrawn.) 

Gruber*s work on Actinophfys sol (1883 on this genus to establish its complete 
a and b) stands in direct contradiction regenerative potencies, and to investigate 
to this view, but Gruber himself soon the cytological aspects of reconstitution, 
afterward modified his opinion that the The highly evolved Radiolaria have 
nucleus participated only in the reproduc- yielded very few studies of regeneration, 
tive function. His data were not convinc- but these indicate the favorable nature of 
ing, being limited to a brief observation such material. Schneider (1867) removed 
of supposedly “normal** enucleate frag- the central capsule from Thalassicolla 
ments. nucUata^ a peripylean type. This nucleate 

Wagnmlla borealis is a remarkably dif- mass was viable, restoring the missing 
ferentiated, sessile heliozoan; it has a layer of extra-capsular cytoplasm and 
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«opodia, and fuming a ^nnalvcgeta- kation, in contradiction to Haeckel’s 
uvc existence (Fig. 3). This provided view that extra- and intra<apsular regions 
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FlO, 3. ThB RbOBNEEATIVB RsSPONIB in a RaDIOLAKIAK, TsALAniCOLLA NUCLBATA 
X. A wmal individual in cit>ss*sectioD, showing the nucleus within the central capsule. 1-9. Granular 
<Kgefmtcion of an isolated central capsule following extirpation of the nucleus, xo-14. Normal regenera- 
tion in an intact central capsule. (Based on Verwom, I89^» redrawn and modified.) 

the first proof of the dominant f 61 c of the represented two independent unities. The 
central capsule in the radiolarian organ- less complete observations of Cienkowski 
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(1871) and Hcrtwig (1876) corroborated 
Schneider's results. 

Using the same species, Verwom (1891) 
made some complementary discoveries 
attesting the important r 61 e of nuclear 
material. After showing that isolated 
extra- and intra-capsular cytoplasm in- 
variably degenerated following a brief 
period of normal activity, he implanted a 
foreign central capsule into an isolated 
mass of extra-capsular cytoplasm. The 
resulting complex was perfectly normal. 
An important experiment still to be 
undertaken for the regeneration problem 
is the heteroplastic implantation of a 
central capsule. Since pronounced species 
-differences occur in pigment distribu- 
tion, external form, behavior, etc., the 
r 61 c of the nucleus in forming their 
specific pattern could be tested. 

(3). Spofozpa 

The parasitic Sporo2oa stand in sharp 
contrast to the previous free-living groups. 
The few regeneration experiments per- 
formed on these forms have involved 
cephaline gregarines and have proved 
negative. Dembowski (1913) made a 
few cutting experiments on Stenophora 
juli and Nina gracilis. He noted a better 
locomotor ability in anterior fragments, 
but he made no comments on their regen- 
erative capacities. Sokoloff’s paper 
(1914) included experiments on S, juli 
and Gregarina salpae which were designed 
to test regeneration. The only positive 
result was the healing of mutilated cuticle 
at a site of injury, particularly in the 
posterior region. Sokoloff's conclusion 
was that the power of regeneration is 
poor in these parasitic forms. Although 
his conclusion may prove correct, yet his 
inability to culture even normal individ- 
uals and his failure to supply a nutrient 
medium make desirable a more carefully 


controlled series of experiments on 
Sporo2oa. 

(4). Ciliata 

(a). Restorative regeneration 

The highly organized ciliate Protozoa 
have proved particularly well adapted for 
studies on regeneration. On the one 
hand, complex locomotor and trophic 
organelles permit a ready study of cyto- 
plasmic restitution; on the other, striking 
nuclear changes occur during regenerative 
processes. Yet few investigators have 
attempted experimentally to correlate 
nuclear and cytoplasmic reorganization 
by some causal mechanism. From an- 
other approach, systematic experiments 
on the diverse types of ciliates should give 
some insight into the degree of relation- 
ship among various groups. Since no 
organized studies have been attempted 
in this direction, the present review will 
attempt to compensate for this omission 
by grouping the results on a comparative 
basis. 

As a result of injury, factors determining 
recovery and regulation are set into motion 
which arc prerequisites to regeneration. 
The factors determining recovery arc the 
first to operate following mcrotomy (a 
term introduced by Balbiani (1888) to 
designate the process of cutting a proto- 
zoan into fragments). It has been found 
that a fluid cytoplasm, or a pellicle ren- 
dered less clastic by peripheral trichocysts, 
may hinder closure of wounds in rntrotpa 
(a term introduced by Johnson (1893) to 
refer to fragments produced by mcrotomy) 
and the subsequent onset of restorative 
processes. Furthermore, important regu- 
latory processes arc involved in cytoplas- 
mic movements repairing body shape, and 
in readjustments of osmotic relations, 
of locomotor coordination and of the size 
of organelles. A combination of these 
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factors probably explains why some 
closely related types have reacted so 
differently to experimentation (cf. 
Table I). 

Two types of regenerative response will 
be considered in order, a reaction to 
physical injury (“restorative regenera- 
tion,’* Morgan, 1901a), and a response 
to some less definite, internal cause 
C ‘physiological regeneration* ’). Wher- 
ever the data permit, regenerative re- 
sponses of a given genus will be treated 
under the following headings: general 
regenerative capacity; the mechanics of 
the regenerative process; and the rdle of 
the nuclear apparatus. 

(i). Regeneration in vegetative individuals 

Paramecium was one of the first holo- 
trichous ciliates to be used for regeneration 
experiments. Gruber (1886) performed a 
single experiment, and found that the 
anterior region of the body regenerated 
in one day. Balbiani’s comprehensive 
study (1893) included mass cutting experi- 
ments on P. **aurelia* (= caudatum). 
Its extremely slight regenerative capacity 
was traced in part to a thick outer layer 
of trichocysts hindering wound closure. 
Restoration of normal form often required 
several generations, and depended on the 
presence of abundant food. A few com- 
parative experiments on P. bursaria indi- 
cated a similar response. Jennings' 
experiments (1908) on vegetative Para- 
mecium (caudatum ?) were uniformly un- 
successful. He concluded that “When- 
ever the ectosarc is punctured, the internal 
contents flow out and the animal dies** 
(p. 615). 

Calkins* detailed study of P. caudatum 
(1911b) involved hundreds of individuals 
cut in various ways. About 30 per cent 
remained active after 4 hours, but of 149 
selected experimentals only 4.7 per cent 
regenerated. In the giant races which 


he used, however, regeneration varied 
from I per cent in one race to 100 per cent 
in a fourth. To explain the characteristic 
unequal fission of merozoa, Calkins post- 
ulated an irreversible division zone in the 
center of the cell which was not regulated 
to suit a given exigency. Peebles (1911) 
independently confirmed Calkins regard- 
ing mcial variation, but emphasized 
that in all cases the outcome of merotomy 
depended on the physiological condition 
of the individuals used. Thus a viscid 
cytoplasm and abundant food ensure 
regeneration in 90 per cent of the cases, 
while young, less viscid cells perish in the 
same proportion because of diffluence. 
The general regenerative capacity was 
fair, even discounting her elimination 
of all individuals not surviving at least 
24 hours. Of 83 individuals cut an- 
teriorly, for example, 34 per cent regen- 
erated their missing parts at the cut 
surface before dividing, while an addi- 
tional 51 per cent divided in the original 
plane before any regeneration occurred. 
Two later workers reporting poor regen- 
erative ability in this species were Chejfec 
(1931), who found that typical regenera- 
tion seemed to occur only posteriorly, and 
Hosoi (1937), who noted no regeneration 
during his study of behavior. 

The most comprehensive work on 
Paramecium is the recent analysis by 
Tartar (1939). Using 7 species (Table I), 
he reinvestigated the alleged racial varia- 
tion in regenerative capacity. By differ- 
entiating sharply between failure to 
recover from merotomy and inability to 
restore lost organelles, Tartar could find 
“. . .no racial or even species variation 
of a general ability to regenerate in the 
genus Paramecium as has been previously 
held. * * Of 865 anterior cuts, for example, 
he eliminated 356 as failing to survive; 
98 per cent of the remaining merozoa 
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nOTOZOAM 

AUTBOK AMD DATS 

8C0PB OP woax 

ProTPihn sp. 

BioebmAoo (1887-89) 

Effect of pressure on body 

tms 

MacDougali (192.5) 

Extent Ci regen. 

PseudofrerodoH 

Balbiani (1888) 

R6ie of nuclear apparatus 

Lacrymaha eltr 

Verworn (1888) 

R61e of nuclear apparatus 

Sfatbidium "'sfathuld* 

Moody (191a) 

Interdiv. age and regen. capacity 

sfathula 

Moore (1914) 

Regen. during life history 

** Ampbikftus incwrvatus' (?) 

Lepsi (1916) 

Occurrence of regen. 

Loxopbyllum tmltaffis 

Holmes (1907) 

R61e of body movements in regen. 

Diltptus anser 

Balbiani (1893) 

Extent of regen. 

nnser 

Sokoloff (192-4) 

Extent of regen. 

anser 

VApenik (19x7) 

Effect of repeated merotomy 

Tracbelius ovum 

Balbiani (1888) 

‘R61e of nuclear apparatus 

ovum 

Hamburger (1903) 

Check of Balbiani 

Loxodei rostrum 

Gruber (1886) 

Extent of regen. 

rostrum 

Balbiani (1893) 

Extent of regen. 

Tillina magna 

Gregory (1909) 

Extent of regen. 

Paramecium sp. 

Gruber (1886) 

Occurrence of regen. 

eaudatum 

Balbiani (1893) 

Extent of regen. 

caudatum 

Wallcngren (190a) 

Inanition phenomena 

eaudatum 

Jennings (1908) 

Inheritance of mutilations 

caudatum 

Lewin (1910) 

R61e of nuclear apparatus 

eaudatum 

Calkins (1911b) 

Extent of regen. 

caudatum 

Peebles (191a) 

Extent of regen. 

caudatum 

Chejfec (193a) 

Influence of envtal. factors 

caudatum 

Schwartz (1934) 

Rdle of Mi 

caudatum 

Hosoi (1937) 

Cyclosis in merozoa 

caudatum 

Tartar (1939) 

Reinvestigation of "regen. power** 

bursaria 

Balbiani (1893) 

Extent of regen. 

bursaria 

Tartar (1939) 

See P, eaudatum 

aurelia 

Tartar (1939) 

caudatum 

triebium 

Tartar (1939) 

caudatum 

polyearyum 

Tartar (1939) 

caudatum 

ufoodruffi 

Tartar (1939) 

caudatum 

P. multimicronucleatum 

Tartar (1939) 

caudatum 

Frontonia leueat 

Gruber (1886) 

Extent of regen. 

leucas 

Balbiani (1888) 

R6le of nuclear apparatus 

leueat 

PopofF (1908) 

Nucleo-plasmic ratio and fission 

leucas 

Sokoloff (i9a4) 

Extent of regen. 

•P* 

Hartmann (i9aa) 

Occurrence of regen. 

Glaucoma scintillans 

Prowazek (1901) 

R61e of nuclear apparatus 
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mfmmyi scedrding to taxonomic rtlationships 


BM. MOB*. 
CAPAClTy 

lOLB OF NUCUEAX COMPLEX 

SXMAXKS 



Regen. of new pellicle and cilia 

Few, unsystematic experiments 

[jood 

Regen. only in nucleate merozoa 



Regen. only in nucleate merozoa 

Incidental experiments 

aood 


Few experiments; supports Calkins 

Poor regen. capacity during conj. 


Regen. only in nucleate merozoa 

Few (one?) experiments 

jood 


Movements comprise secondary factor 

aOOd 

3 ood 

3 ood 

Partial regen. in enucl. merozoa 

Very rapid regen. 

Evidence not convincing 

More rapid regen. Few experiments 

Fair 

Sood 

Regen. only in nucleate merozoa 

Presence of Ma necessary 

Few experiments 

More extensive than above 

!4egatiye 

3ood 


Few experiments 

Slow regen. ( 4-5 days) 

Fair 


Few experiments 

?oor 

Negative 

Poor 

Fair 

Poor 

i^egative 

jood 

Poor 

aood 

aood 

aood 

aOod 

jood 

^ood 

Regen. only in nucleate merozoa 

Ma degenerates; Mi unaffected 

Regen. of a-Mi merozoa with Ma 

Mi is important for yiability 

Regen. only in nucleate merozoa 

I experiment; ant. end regenerated 

Nuclear control of regen. believed lost 
Hunger-changes are reversible 

Death invariably follows merotomy 

Limited viability of a-Mi clone 

Racial variation in regen. capacity 

Indiv. variation in regen. capacity 

Hunger and lower pH favor regen. 

Brief report; supports Lewin Qio) 

No regen.; cyclosis normal in merozoa 
Importance of survival factor noted 

Few experiments 

Zodchlorellae do not aid viability 

Sec F. caudatum 

Sec F. caudatum 

See F. caudatum 

Sec F. caudatum 

See F. caudatum 

Poor 

Poor 

Fair 

Negative 

Regen. only in nucleate merozoa 

N.-p. ratio controls fission 

Few experiments 

Regen. only after transverse cuts 

Incidental reference to regen. 

Failed to survive merotomy 


Regen. only in nucleate merozoa 

Few, unsystematic experiments 
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noTOioAir 

AX7TBOB Am DATE 

aeon 01 wobs 

Ctlpidium etlfoia 

Balbiani (1893) 

Extent of regen. 

Spk$it§mmm ambiytum 

Gruber (1886) 

Extent of regeo. 

smhiiuum 

Balbiani (1888) 

R61e of nuclear apparatus 

smbiguum 

SokoloflF (1914) 

Extent of regen. 

ambiguum 

Seyd (1956) 

Regulation of injuries 

Blipbrnisms undtdsm 

Moore (1914) 

See Spatbidium 

undulsns 

Nadler (1919) 

Induction of regen. of pellicle 

CpndjfUstima sp. 

Tartar (1938b) 

Quantity of Ma and regen. 

Qimacostomum pirtns 

Gruber (1886) 

Extent of regen. 

Fsbns laliua 

Balbiani (1893) 

R61e of nuclear apparatus 

Stmfer totrultuj 

Gruber (1885a) 

Extent of regen. 

eotrultus 

Gruber (1885b) 

R61e of nuclear apparatus 

cointUus 

Gruber (1886) 

Extent of regen. 

eotruUut 

Vcrworn (1888) 

R6le of nuclear apparatus 

coeruUus 

Scbubcrg (1890) 

Site of anlage in div. and regen. 

cotrulius 

Balbiani (1891b) 

Analysis of “double monster" 

coerultus 

Balbiani (1891) 

R61e of nuclear apparatus 

cotruUus 

Johnson (1893) 

Extent of regen. 

(otntkus 

Lillie (1896) 

Minimal reorganization mass 

copruUus 

Morgan (1901b) 

Proportionate regen. of structures 

(otruUus 

Stevens (1903a) 

Mechanism of peristome regen. 

tPtndtus 

Prowazek (1903a) 

R61e of nuclear apparatus 

cotruUus 

PopofF (1909) 

Relation of nuclear to body size 

cotruUus 

Ishikawa (191^) 

Healing and regen. processes 

totrultus 

Prowazek (1913) 

Form-determination ("Morphe") 

cotruUus 

Hartmann (1911) 

Repeated regen. versus fission 

coeruUus 

Burnside (1919) 

Relation of nuclear to body size 

cotruUus 

Causin (1931) 

Similarities between div. and regen. 

coeruUus 

Hetherington (193a) 

Relation of envt. to physiol, regen. 

coeruUus 

Schwartz (1934; i935) 

R61e of Ma and of Mi in regen. 

polymorfbus 

Gruber (1886) 

Extent of regen. 

polymorpbus 

Balbiani (1893) 

R61e of nuclear apparatus 

polymorpbus 

Lillie (1896) 

Minimal reorganization mass 

igneus 

Balbiani (1893) 

R61e of nuclear apparatus 

Bursuris fruncafelU 

Lund (1917) 

Normal versus experimental reorgo. 

truncutella 

Jofif C>9»-3) 

R61e of mitochondria in regen. 

truucaSeUu 

Sokoloff (19x4) 

Extent of regen. 

truncutelU 

Schmfthl (1916) 

Mechanism of peristome formadoo 

trumafeUu 

Hartmann (19x1) 

Occurrence of regen. 

Lkmopbora suerbucbii 

Stevens (1903b) 

Extent of regen. 

mutfurlundi 

Balamutb (1939) 

Extent of regen. 

UruUpfus m^biiis 

Calkins (19x1) 

Effect of merotomy during con). 

mobilis 

Tittler (1938) 

Regen. after injury by electricity 

UrussyU gpenuUt 

Faur^-Fremiet (1910) 

Regen. response and stage of dir. 
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0B». ixoiir. 

CAPACnV 

lOLB or KVCUAX COMPUX 

UMAmXS 

Negative 


Few, unsystematic experiments 

Negative 


Rapid disintegration of merozoa 

Good 

Regen. only in aucleate merozoa 

1 case of incomplete, enucleate regen. 

Good 


Middlc'third region regenerates best 

Fair 


Regulative regen. of peristome noted 

Good 

Presence of Ma necessary 

Regen. of a-Mi dividing forms 

Pellicle can be shed and regenerated 


Regen.>time is function of Ma voL 

Various types of abnormal regen. noted 

Good 


Regen. in 14 hours; few experiments 

Good 

Regen. only in nucleate mcrozoa 

Few experiments 


** Nucleus not necessary for regen.** 

Brief report; few data 

Good 

** Nucleus is necessary for regen.’* 

Reversal of opinion in ’85a 

Good 

Regen. only in nucleate merozoa 

Only few new experiments 


Regen. only in nucleate mcrozoa 

Incidental experiments 

Few experiments; confirms Gruber (’86) 


Dual nuclear apparatus causal 

Monster formed by incomplete merotomy 

Good 

Ma believed to control regen. 

Exhaustive study at various stages 

Good 


Confirms Dalbiani independently 

Good 

Regen. only in nucleate merozoa 

Min. regen. mass is original mass 

Good 

Regen. only in nucleate merozoa 

Proportionate regulation noted 

Good 

Regen. under nuclear influence I 

Some regen. in enucleate merozoa 


Partial regen. in enucl. merozoa 

Poor factual evidence 


”N.-p. ratio controls regen.** 

Heritable size'differences produced (?) 

Regen. of lost membranclles in situ 

Ectoplasm controls **Morphe” 

Good 


Repeated regen. substituted for div. 

Good 

Regen. only in nucleate merozoa 

No heritable size-difTerences produced 

Good 

Regen. only in nucleate merozoa 

Regen. regarded as "abortive fission" 

No physiol, regen. in controlled media 

Good 

Ma alone is proved necessary 

^ viable a-Mi clones produced 

Good 


Regen. within 14 hours 

Good 

Regen. only in nucleate merozoa 

Results as for S, cotruUus 

Good 

Regen. only in nucleate merozoa 

Results as for S, eotruUuj 

Good 

Regen. only in nucleate merozoa 

Results as for S, cotruUus 

Good 


Dedifferentiation likened to autolysis 
Mitochondria accumulate at wound 

Fair 

Partial regen. in enucl. merozoa 

Evidence is questionable 

Good 

Presence of Ma held necessary 

Disagrees with SokolofF's resulu 

Encysted following merotomy 

limited 

Ma and Mi held necessary 

Observations incomplete 

Good 

Ma alone is proved necessary 

Basal disc is never regenerated 



Reorgn. without cross-fertilization 

Good 


Favors necessity of Ma and Mi in regen. 



Notes stage of irrevers. determinatioo 
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noToioAir 

ATJTBOS AND pATl 

8COPI ov woax 

Ampbisis CO *P* 

Dembowska (19x6) 

Comparison with Stylonytbia 

Styl 9 m$hts sttrkii 

Garnjobtt (1937) 

Regen. after accidental injury 

Flmratricbs tp. 

Hewitt (1914) 

Behavior of Mi in regen. 

GsstnuyU (?) 9 ersx 

tp. 

tp. 

Nussbaum (1884; 1886) 

Bauer & Granowskaja (1934a) 

Bauer & Granowskaja (1934b) 

Limitations of regen. capacity 

Nuclear and respiratory changes following 
merotomy 

Dependence of "indiv. immortality** on 
interdiv. age in regen. 

Oiqftfkba fallax 
falUx 
tp. 

Ishikawa (1911) 

Reynolds (193X) 

B. & Gr. (1934a & b) 

Healing and regen. processes 

R61e of Mi 

See Gastrostyla 

Aainotricha sp. 

Dembowska (1916) 

Comparison with Stylonychia 

StylonycbU pustulata 
pustulata 
mytilus 
mytilus 
mytilus 
mytilus 
mytilus 
mytilus 
mytilus 

Dujardin (1841) 

Prowazek (1898) 

Balbiani (1899) 

Prowaaek (1903b) 

Lewin (1911) 

Ishikawa (1911) 

Dembowska (1915) 

Young (19x6) 

Dembowska (1938) 

Effect of mutilation 

Occurrence of regen. 

Action of salt solutions 

Regen. during “depression** 

Behavior of Mi in regen. 

^ Healing and regen. processes 

1 Comparison of hssion with regen. 

Behavior of nuclei in regen. 

Effect of hunger on reorgn. 

Dhpbrys tp. 

Dembowska (1916) 

Comparison with Stylonychia 

Ufunycbia transfugu 
transfugu 
setiffru 
sitiffra 
binuckata 
uncinats 

Calkins (191 xa) 

Dembowska (19x6) 

Young (19x1) 

Dembowska (19x6) 

Young (19XX) 

Taylor (1918) 

Interdiv. age and regen. capacity 
Comparison with Stylonychia 
Reinvestigation of Calkins 

Comparison with Stylonychia 

R61c of Mi 

Comparison of fission with regen. 

Euplotts pattlla 

p 4 $ttlla 

patella 

ebartu 

uannut 

Taylor (19x0) 

Taylor (19x3), and 

Taylor & Farbcr (19x4) 
Reynolds C193X) 

Dembowska (19x6) 
Dembowska (19x6) 

Function of neuromotor system 

R61e of Mi 

R61e of Mi 

Comparison with Stylonychia 

Comparison with Stylonychia 

Zaatbamnium altemans 

Summers (1938a & b) 

Normal and regulative growth 

Vmicella tp. 

Runyan & Torrey (1914) 

Regulatory development of cilia 

Unidentified ciliates 

LeDantec (1897) 

Behavior of nuclear apparatus 

AmpUpbeya filum 

SokoloflF (19x4) 

Extent of regen. 

Opalina ranarum 
ranamm 

ranarum 

Nutsbaum (1884; 1886) 

Joff (19x5) 

Sokoloff Ct9M) 

Extent of regen. 

R61e of mitochondria in regen. 

Extent of regen. 









































CmcMti 


gxm bboin. 

CAPACITY 

b6lb op nuclbab complex 

BXMABXS 



Few, unsystematic experiments 



Regen. occurs normally within cyst 



No. of Mi remains constant (Lewin, 'ii) 


Regen. only in nucleate merozoa 

Nuclear changes only in adult" merozoa 

First such proof for ciliates 

Marked increase in respiration in "adult" 
merozoa 

Only "adult" individuals survive repeated 
mcrotomy 

Good 

Ma and Mi held necessary 

Describes heah'ng process 

Supports Dembowska (’15) 

See Gastrostyla 



Few, unsystematic experiments 

Good 

Good 

Good 

Good 

Regen. only in nucleate merozoa 

Regen. only in nucleate merozoa 

Regen. only in nucleate merozoa 

Hypothecates regen. of merozoa 

Few, unsystematic experiments 

Slow dissolution of body in salt soln. 
Incomplete set of observations 

Mi divide in db5o% cases of merotomy 

Reports regen. of i enucl. merozoa 

Div. and regen. follow similar course 

Simult. nuclear and cytoplasmic reorgn. 
"Physiol, regen." is due to hunger 

Good 


Supports work on Stylonychia 

Good 

Good 

Good 

Good 

Good 

Good 

Ma alone is nec. at maturity 

Ma and Mi must be present 

Ma and Mi necessary in division 

Ma and Mi seem to be necessary 

Regen. capacity is best at time of div. 

Supports Calkins on vegetative forms 

Supports Calkins fully 

Additional corroboration of Calkins 
Condens.-dispers. theory of reorgn. 


Mi is essential for viability 

Incidental references to regen. 

A-Mi merozoa die after max. of a divs. 


Ma and Mi must be present 

Ma and Mi must be present 

Ma and Mi must be present 

Evidence of racial variation 

Few experiments. Regen. is slow 

Few experiments. Regen. is slow 

Good 


Term, macrozodid exerts physioL dom. 



Stalk exerts dom. effect 


Holds that Ma regenerates new Mi 

Data are unreliable 

Poor 


Posterior region regenerates best 

Negative 

Very poor 


Disintegration without healing 

Mitochondria accumulate at wound 

Few cilia appear at cut surface 
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regenerated and divided. These data seem is not favorable for experimentation, 

to indicate that the condition of given Lewin (1910) was able to culture certain 

individuals may be a decisive factor in amicronucleate fragments of P. caudafum 

determining the outcome of mcrotomy. in which part of the macronuclcus re- 

Tartar dissociated the rapid regeneration mained. llie resulting clones had a low 

of mouth and gullet as a primary response division rate, possibly due to the absence 

from the secondary regulation of cell of the micronucleus. Schwartz (1934) 

shape, the latter occurring only after confirmed this observation in a brief 

feeding had begun. In all instances the report; he found that an amicronucleate 

missing parts were formed directly at the race divided subnormally for two months 

cut surface (Fig. 4). As Tartar’s work before succumbing. A recent personal 



Fxo. 4. Eaklt Staohi w tbb Rboskbratiok of thb PotTBRiOR End of a Holotrichoui Cxuatb, PASAMsaim 

MULTIMXCRONUCLBATUM 

z. Level of cut, not showing the intact nuclei, Appearance of merozo 5 n x, 5 and 19 hours after cutting. 

Note the gradual increase in size during regeneration, x x * plane of transection; cU. regenerating 

cilia. (Alter Tartar, 1938a, redrawn.) 

indicates, Faramecium does not constitute communication from Schwartz (March, 
a unique case among ciliates, as had been 1939) indicates that he has been able also 
claimed by some, but rather it belongs to a to produce amicronucleate P. bursaria^ 
group in which the factor of healing which are ’’bisher ganz gut lebensfihig.” 
segregates a large class of individuals at One is led to infer that the macronuclcus 
the outset. alone is essential for regeneration, dis- 

The nuclear apparatus of P. caudafum regarding the factors essential for via- 
consists of a centrally located, oval macro- bility. 

nucleus and a single micronucleus. Ac- Other Holotrichida have been studied 
cordingly, only middle portions of the in less detail. In a closely related genus, 
body contain nuclear material, and this Tillina magna^ Gregory (1909) noted only 
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a fair regenerative ability, although the 
rapid reconstitution required only 24 
hours. Balbiani contributed, in all, stud- 
ies on regeneration of 14 ciliates. In 
his earliest work in this connection (1888), 
using the prostomatous Prorodon (= Pseu- 
doprorodofi) niveus^ he showed that only 
nucleate fragments regenerated, complet- 
ing the process within 3 hours. He noted 
that the cut surfaces of enucleate mcrozoa 
never truly healed; the formation of con- 
tractile vacuoles in these fragments was 
explained as a purely physical process, 
due to local dilatation in one of the re- 
maining radiating canals. Biitschli (1887- 
89) recorded an interesting observation by 
Blochmann on Prorodon sp. Under the 
impact of pressure, the entire pellicular 
layer together with the cilia separated 
from the body and were quickly replaced 
by regenerated structures. In the related 
Prorodon tms^ MacDougall (19x5) con- 
tributed a few experiments indicating that 
small anterior pieces (presumably enu- 
cleate) do not regenerate, while posterior 
nucleate pieces regenerated completely in 
14 hours. Verwom’s results on Lacry- 
maria olor (i888) and Lepsi’s short account 
of **Amphileptus incurvatus'* (?) (19x6) 
confirmed the occurrence of regeneration 
only in nucleate merozoa. 

Moody (191X) briefly described regen- 
eration of Spathidium **spathula" (= sp.) 
during the interdivisional period. Her 
few results supported Calkins' work on 
Vronychia (see below), since individuals 
approaching fission were shown to have 
the greatest regenerative capacity. Moore 
(19x4) operated on S. spathula during 
various phases of its life-history. Vege- 
tative individuals dedifferentiated com- 
pletely and then regenerated rapidly, but 
subsequent fission was delayed until a 
general restorative growth had occurred. 

Holmes (1907) approached the problem 
of regeneration in Loxopbyllum meUagris 


by studying the r 61 e of cytoplasmic move- 
ments in merozoa. His results indicated 
that their r 61 e was subordinate to the 
actual differentiation of new structures, 
consisting chiefly in “pulling the body 
into shape" after missing organelles had 
been restored. 

In a related form, DiUptus anser^ Bal- 
biani (1893) discovered an extremely well- 
developed regenerative capacity, possibly 
correlated with the presence of many 
macronuclci; four fragments of one in- 
dividual regenerated within four hours. 
Sokoloff's results (19x4) confirmed these 
findings. He referred to regeneration in 
enucleate fragments, but his data show 
that he failed to distinguish between 
regeneration and regulation. Vipenik's 
study (19x7) of the effect of repeated 
merotomy on the speed of regeneration 
cannot be considered complete, since 
D. anser did not survive more than five 
operations within ten days (^. Dembow- 
ska, 19x3, on Stylonychia: repeated regen- 
eration of an individual undergoing 50-60 
consecutive operations; also see below). 
Vipenik’s data showed at most that com- 
plete regeneration occurred more rapidly 
after the second and third operations than 
after the first. 

Tracbelius ovum was shown by Balbiani 
(1888) to regenerate only after transection. 
Hamburger (1903) demonstrated, how- 
ever, that careful technique ensured suc- 
cessful operations of all kinds, as in 
Dileptus, 

Gruber's few experiments on Loxodos 
rostrum (1886) were negative, since mcro- 
zoa did not survive merotomy. Balbi- 
ani’s technique (1893) proved more suit- 
able, and regeneration occurred as a rule, 
although it required at least four or five 
days. As in Paramicium^ the restoration 
of missing structures appeared to take 
place directly at the cut surfaces (Fig. 5). 

Experiments with the oral membrane- 
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bearing Hymenostomina have contributed 
few satisfactory data. Frontonia leucas 
regenerated poorly in Gruber’s few experi- 
ments (1886), drformitics being retained 
for a long time. Balbiani’s account 
(1888) added little to this. Transected 
nucleate fragments regenerated in 14-48 
hours if at all, poor healing properties 
explaining the frequent failure to recover. 
Sokoloff's similar results (1914) added the 


cessive regeneration, death occurring fi- 
nally after five operations. Brief accounts 
of related forms include Prowazek’s record 
(1901) that nucleate merozoa of Glaucoma 
scintillans regenerated, and Balbiani’s few 
negative observations on Colpidium colpoda 
(1893), in which there was apparently no 
regeneration. 

In these studies of holotrichous ciliates, 
there has been no evidence of a localized 



Fio. 5. Thb G>umtB ov Rbobnbkation op thb Anterior End op a Holotrichox» Ouatb, Loxodbs rostrum 
X. Level of cut (through oral region), showii^ scattered macronuclei and five Miiller’s vesicles. 1-4. 
Restorative process in anterior (^0 posterior merozoa, illustrating the direct manner of replace- 
ment. X X ■■ plane of transection; ma ■> macronuclei. (After Balbiani, 1893, redrawn and slightly 

modified.) 


observation that nuclei were readily 
extruded from merozoa, thereby pre- 
venting regeneration. Hartmann (i9ix) 
obtained wholly negative results in his 
experiments on Frontonia sp., since mero- 
zoa failed to survive merotomy. PopoCs 
study (1908) of the influence of the nucleo- 
plasmic ratio on division included cutting 
experiments on F. leucas. Repeated oper- 
ations following regeneration (process 
not analyzed) caused a delay in each suc- 


regenerative potency, nor docs any region 
of the body seem to act as an organizing 
center for new oral and locomotor struc- 
tures. Instead missing parts are formed 
in situ at rates depending on experimental 
conditions. Concerning the relative r 61 es 
of macronucleus and micronucleus, the 
work of Lewin and Schwartz makes it 
seem probable that the macronucleus 
alone is essential for the regeneration of 
missing structures. Whether such ami- 
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cronucleate individuals can produce viable 
races, however, is not yet proved. 

Turning now to the more complex 
Spirotrichida, some interesting points of 
comparison arc offered. Of the hctcro- 
trichous types, those possessing both 
cilia and derived organelles, the genus 
Stmtor has been analyzed most completely. 
Its large size, pronounced polarity and 
multinucleate structure have made it a 
peculiarly favorable subject. 

The inaugural work of Gruber (1885a 
and b; 1886) showed that Stentor regen- 
erated readily after mcrotomy. He noted 
that excision of a portion of the adoral 
zone resulted in a fundamental reorganiza- 
tion; this involved the formation along 
the left side of the body of a longitudinal 
anlagc which subsequently migrated to 
replace the remnant of the old adoral zone. 
This process was noticeably similar to 
normal fission, replacement being substi- 
tuted for formation of a duplicate organ- 
ization (Fig. 6). Reversing his earlier 
opinion (1885a), Gruber (1885b, etc.) 
came to the conclusion that nuclear 
material must be present for regeneration 
in vegetative individuals. 

Further studies have added many data 
to each of these three important aspects 
of regeneration. Some general investiga- 
tions include Lillie's observation (1896) 
that in S, coeruleus and S. folymorphus 
(used interchangeably) complete regenera- 
tion occurred only in nucleate fragments 
containing at least Vr of the original body 
mass. Morgan (1901b) produced still 
smaller viable merozoa of S, coeruleus 
(^V of the original mass), but pointed out 
the variables which weaken such an 
approach to the general problem of re- 
generation^ His careful analysis of re- 
generating fragments showed that a pre- 
cise mechanism adjusted the size of 
cytoplasmic organelles to conform with 
a newly acquired body size, whether this 
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involved regulation of old or formation 
of new structures. 

Schuberg's study of fission in S, coeruleus 
(1890) gave the first adequate account of 
that process. He checked and was able 
to confirm Gruber’s report that a new 
adoral zone developed similarly in division 
and regeneration. Balbiani (1891) seems 
to have failed to witness the earlier stages 
of the migrating adoral anlagen in pos- 
terior merozoa, since he refers to their 
antero-dorsal origin in such fragments 
(p* 390 - Morgan (1901b) and Stevens 
(1903 a) contributed further analyses of 
regenerating adoral zones and of the regu- 
lation of form. Stevens noted in greater 
detail than other workers the regeneration 
of longitudinal myoncmes and the r 61 c 
of cytoplasmic movements in peristome 
formation. Stevens’ paper and that of 
Ishikawa (1911) described the regenera- 
tion of membranelles in situ between the 
cut ends of an adoral zone, but their 
evidence was not convincing. If these 
reports were true, it would mean that 
membranelles could regenerate by two 
entirely different methods, which would 
be unusual. It is noteworthy that John- 
son’s experiments (1893) had led him 
specifically to deny such an occurrence, 
pointing out the possibility of confusing 
the normal dorsal cilia with membranelles 
in contracted, cut individuals. Later 
researches have supported Johnson’s posi- 
tion. Causin (1931) likened restorative 
regeneration to an “abortive fission*’; 
he found that in both cases new mem- 
branellcs formed only from a migrating 
anlage. The most recent work of Schwartz 
(1935) is also confirmatory. He estab- 
lished without any doubt, moreover, that 
the anlage replaces only the oral part of 
the adoral zone in regeneration (sec 
Fig. 6). 

The nuclear apparatus of S. coeruleus 
consists of a long beadlike chain of macro- 
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nuclear segments and a variable number of this point. Balbiani C1893) reached the 
micronuclei (10-41). Verwom’s few ex- same conclusion also for S. polymerflms 
periments (1888) confirmed Gruber’s ac- and S. igmus. Prowazek (1903a), how- 
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■■ parental amoral aone : (a . icO' ”* anlage of new adoral zone; mm. macronucleus; x x *■ line of excision. 

(Based on Schwartz, 1935, redrawn and modified.) 


count of the necessity for nuclesir material ever, came to a different conclusion, 
in regenerating vegetative individuals, Study of nuclear behavior led him to 
and the great majority of investigators conclude that repeated injury and cultur- 
since that time seein to have established ing at high temperatures resulted in the 
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regeneration of enucleate fragments; under 
these conditions *‘chromidia” given off 
to the cytoplasm were supposed to have 
permitted regeneration to occur. His 
data cannot withstand analysis. In 1913 
Prowazek believed to have localized the 
seat of formative energy in the pellicle 
and ectoplasm, chiefly because operations 
removing much pellicle and ectoplasm 
proved fatal more often than the removal 
of endoplasm and some nuclear substance. 
He neglected the simpler explanation that 
operations of the first kind had so dis- 
rupted the regulatory osmotic mechanism 
as to cause death. 

Granting the necessity for nuclear ma- 
terial, it has proved more difficult to de- 
termine the relative r 61 es of macronuclcus 
and micronuclcus. Balbiani (1891) em- 
phasized nuclear behavior throughout his 
experiments. He showed clearly in re- 
generating Stmtor that the elongate macro- 
nucleus underwent the same contraction 
(‘‘balling”) and re-segmentation as in 
fission (Fig. 6), being the first to describe 
this. Balbiani claimed that the macro- 
nucleus alone was essential to the regen- 
erative process, but his only evidence was 
indirect, being derived from the conjuga- 
tion process. Thus, cutting experiments 
on individuals in the stage of resorption 
of the old macronuclcus (hence its ‘‘non- 
activity”) resulted in no regeneration, 
while merozoa did regenerate when cut 
later during the formation of the new 
macronuclear anlage. Since both macro- 
nuclei and micronuclei reorganize simul- 
taneously, however, Balbiani*s conclusion 
favoring the macronuclcus obviously is 
forced. 

Schwartz (1934; 1935) was the first to 
approach the problem directly by attempt- 
ing to produce amicronucleatc and ama- 
cronucleate merozoa. By operating on 
dividing or regenerating individuals in 
which the macronuclear segments had 


“balled” together, he was able to remove 
the entire macronuclcus and still leave 
from I to 16 micronuclei. In these 
amacronuclcatc cxpcrimcntals digestion 
of food never occurred, nor was regenera- 
tion ever induced. In support of Stevens 
(1903 a), however, it was observed that 
regeneration already in progress before 
the operation was performed might con- 
tinue, which indicates the irreversibility 
of the process after it is once under way. 
Formation of contractile vacuoles in 
amacronucleatc merozoa is explicable by 
recalling that they form through a 
purely physical process (cf. Pseudo frorodon^ 
above). To produce amicronucleatc in- 
dividuals, Schwartz repeatedly removed 
a portion of the macronucleus together 
with a varying number of adjoining 
micronuclei. After each operation the 
remaining micronuclei divided only once; 
finally (after five operations) cytological 
examination of descendants of his experi- 
mentals showed that all the micronuclei 
had been removed. No differences in 
size or division rate could be noted be- 
tween his two successfully cultured ami- 
cronucleatc clones and normal controls. 
One of these clones propagated more than 
a year before its accidental elimination. 
If his data arc correct, Schwartz’s ex- 
periments constitute the first clear-cut 
demonstration of the relative r 61 cs of the 
two nuclear elements in regenerating 
hctcrotrichs. 

The relation of nuclear to body size in 
Stentor coeruleus has been studied by a few 
investigators. Popoff (1909) claimed that 
removal of most of the macronuclcus 
caused such an abnormal shift in the 
nucleo-plasmic ratio as to result in death. 
Burnside’s results (19x9) contradict these 
data (as do also those of Schwartz (1935); 
etc.). Furthermore, the size of a biotype 
has never been changed experimentally 
by mcrotomy, contrary to PopoflF’s report. 
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The importance of the nucleo-plasmic 
ratio in cell division and regeneration has 
long been maintained by the R. Hertwig 
school. This problem cannot be dis- 
cussed at length here, but it seems clear 
that at best the nucleo-plasmic ratio can 
comprise only part of a complex set of 
factors at work. 

The results obtained in studies of several 
other heterotrichous ciliates seem to fit 
into the general scheme discussed above. 
Gruber’s paper (1886) stated that Climaco- 
stonrnm virtns regenerated lost parts within 
14 hours. Balbiani (1893) reported a 
remarkable viability in Fabrea salina^ 
nucleate merozoa regenerating readily. 
In a recent contribution by Tartar (1938b) 
on Condylostoma sp. (magnum ?), there 
was reported an effect by the amount of 
nuclear substance in regenerating indi- 
viduals. Merozoa containing equivalent 
portions of cytoplasm but more macro- 
nuclear substance (in the ratio of two or 
three to one) regenerated on the average 
twice as rapidly as their sister-merozoa. 
This 'difference in speed was due to a 
difference in the “preparatory” period 
prior to regeneration (period of “labile 
equilibrium” of Sokoloff), since the actual 
time of differentiation after the first ap- 
pearance of the regenerating anlage was 
the same in each instance. 

Sfirostomum has been studied by various 
workers. Gruber (1886) attributed his 
lack of success in experiments on S, sp. 
(ambiguum ?) to its poor viability in cul- 
tures. Balbiani (1888) apparently en- 
countered less difficulty with S, ambiguum. 
Nucleate fragments regenerated within 
three hours, and contractile vacuoles 
formed even in enucleate merozoa. Soko- 
loff (1914) also found a well-developed 
regenerative capacity, particularly in the 
middle-third of the body. At the same 
time he confirmed reports of Spirost&mum* s 
sensitivity to environmental conditions. 


In 1936 Seyd investigated regulative 
processes accompanying regeneration. A 
definite regulative agency appeared to be 
at work, since disproportionately situated 
peristomes dedifferentiated and new ones 
formed at the normal body level. 

Blepharisma has an adoral zone whose 
longitudinal orientation is characteristic 
of the more primitive heterotrichs. Moore 
(1914) claimed that no reorganization of 
remnants of an old adoral zone occurred 
in mutilated B. undulans. Depending on 
the degree of injury, either new elements 
were added directly at a cut surface, or 
after complete removal a new zone formed 
in the customary place. Since her com- 
parative study of the holotrichous Spathid- 
turn (see above) had shown that regenera- 
tion in that form was always preceded 
by a dedifferentiation of an old mouth 
remnant, she concluded in this instance 
that ”... no correlation is apparent be- 
tween the degree of specialization of 
external organelles and the method of 
restitution” (p. 306). She also advanced 
the corollary that ”... reversibility of 
organization is more limited in certain 
Protozoa than in others, but complexity 
of structure is not the controlling factor” 
(p- 307)- One is inclined to question the 
validity of this conclusion from the avail- 
able data, particularly in view of the cyto- 
logical study by Calkins (1911). He 
found that dividing B, undulans replaced 
the parent adoral zone in situ at the antero- 
lateral end of the body (cf. the site of the 
anlage in Stmtor^ etc.). Since there is a 
continuous functioning in the adoral 
zone throughout the division process, it 
seems only natural to consider the possi- 
bility that Moore failed to detect the 
gradual replacement of a portion of the 
old adoral zone in regeneration. In a 
different connection, Nadler (19x9) tested 
the effects on B. undulans of certain chemi- 
cals, including strychnine sulphate; he 
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found that they caused shedding of the 
pellicle without affecting its subsequent 
regeneration upon return of normal con- 
ditions. 

The complex, tunneled peristome of 
Bursaria truncatella provides favorable ma- 
terial for studies of regeneration. Lund*s 
investigation (1917) revealed that the 
peristome is reorganized during fission 
and regeneration, being more completely 
dedifferentiated in the latter process. 
No nuclear changes were observed during 
these cytoplasmic phenomena. Lund 
likened the mechanism of dedifferentiation 
to the purely chemical process of autolysis; 
thus release of a proteolytic agent could 
be conceived to cause the breakdown of 
differentiated structures prior to their 
subsequent reorganization. 

Hartmann’s experiments on Bursaria 
proved inconclusive, since merozoa re- 
acted to cutting by encystation. Sokoloff 
(19x4) probed the general regenerative 
capacity of B. truncatella and found that 
relatively small nucleate merozoa (i/4X 
of body size) could reconstitute a com- 
plete organism. His data involving the 
reputed regenerative ability of enucleate 
fragments, however, were not convincing 
(cf. Prowazek, above). Schmahl’s com- 
parative study of division and regeneration 
(19x6) corroborated the substance of 
Lund's work. Like Sokoloff, he noted a 
direct correlation between the size of a 
fragment and the time required for its 
regeneration. Reorganization never fol- 
lowed excisions that failed to injure the 
peristome or macronucleus; but where 
reorganization did occur Schmahl believed 
it probable that the entire ciliary coat also 
was replaced (which he had demonstrated 
in dividing forms). Joff (1913) investi- 
gated the r 61 e of mitochondria in regen- 
eration. He discovered that rod-like bod- 
ies (demonstrated by Benda's technique) 
accumulated at the site of injury during 
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regeneration; and the granular chromatin 
of the macronucleus became oriented in 
the same direction. Additional work 
would be welcomed to corroborate and 
extend his incomplete observations. 

Licnophora is one of the most highly 
organized ciliates. Found only as com- 
mensals attached to various marine hosts, 
members of this genus are differentiated 
into a membrane-bearing basal disc, an 
erect oral disc with an adoral zone, and a 
supple intermediate region that serves 
as a neck. The nuclear apparatus in- 
cludes a single basal micronucleus and a 
string of macronuclear beads. In her 
comparative cytological study, Stevens 
(1903b) included some regeneration ex- 
periments on L. auerbachii. Restoration 
occurred only when the basal disc, the 
neck, a small remnant of the oral disc and 
both kinds of nuclear material were pres- 
ent. Such regeneration included the new- 
formation of membranelles or of a new 
adoral zone and mouth, depending on the 
extent of removal, but no evidence was 
given of their formation by a differentiat- 
ing anlage. Instead missing parts 
apparently were formed in situ. Isolated 
oral and basal discs never regenerated 
although they survived for several days. 

Balamuth (1939) reinvestigated Licn<h 
phora with a view toward explaining this 
anomalous behavior. Protozoologists 
had disagreed about its peritrichous and 
spirotrichous affinities since 1867. Study 
both of the structure and regenerative 
response of L. macfarlandi confirmed the 
view that this genus is a highly modified 
member of the Heterotrichina. Thus in 
contrast to Stevens* account, new oral 
membranelles were derived only from a 
migrating anlage which formed at the 
left anterior side of the body as in fission 
(Fig* 7)* general regenerative capac- 
ity, moreover, was shown to be greater 
than formerly believed, since isolated. 
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amicronucleate oral discs definitely could for new-fonnation of oral structures* 
regenerate injured adoral zones. This Missing basal discs were not regenerated^ 



FlO. 7. RiOBMB&ATIOM in LiCNOPBO&A MACFARLANDl FOLLOWING EzcmON OT TBI LuT SiDB Of TBB AdOKAL 

ZONB (DOBtAL ViBw) 

Some tCAg^ in the regenerAtioo of bo injured adortl zone, showing the establishment of a reorganization 
Bbne as in fi&on followed by iu migration to replace most of the original zone. In its differentiation the new 
zone shifts from a dorsal to a ventral position. Nuclear changes are not shown in this figure, but are similar 

to those in StmNr, t « line of excision; sbtr, » aboral end of new adoral zone; Aid. mbl. » membranellet 

of adoral zone; « original adoral zone; *■ new adoral zone; cL >■ late^ cleft; sr. >■ oral end of 
new adoral zone; rpt. c ** reorganization zone; se. ■■ scar left by excision. (Original.) 

confirmed Schwartz's discovery for Stentor but it was pointed out that the two daugh- 
that the macronucleus alone is essential ter basal discs form in this genus only 
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by the constriction of a parent structure 
undergoing fission. If we adopt the view 
(as suggested by available data) that the 
regenerative capacity involves at most a 
realization of developmental potentiali- 
ties, then the new findings for Licnofhora 
become consistent with other data. 

The Heterotrichina are clearly related 
to more primitive holotrichous forms. 
Even their adoral membrancllcs reveal a 
holotrichous ancestry, for these composite 
structures develop from groups of cilia 
in the stage of anlage differentiation. 
The Hypotrichina bear somewhat the 
same relation to the Heterotrichina. In 
these forms the primitive ventral ciliation 
(still retained in heterotrichs) is replaced 
by more specialized structures: cirri and 
membrancllcs. These localized organelles 
have enabled investigators to follow the 
process of regeneration in particularly 
great detail, and thereby to contribute 
some of the most important studies of 
experimental reorganization. 

To Nussbaum (1884; 1886) belongs the 
credit for being the first to conduct 
systematic regeneration experiments on 
any Spiro trichida. Using Gastrostyla (?) 
vorax his limited data showed that only 
nucleate mcrozoa could regenerate: ‘It 
seems that the nucleus is indispensable 
for the maintenance of the formative 
energy of a cell” (p. i6i). 

The genus Stylonychia has proved favor- 
able for experimental work. Dujardin’s 
incidental opinion (1841) that mutilated 
S, fustulata could regenerate (sec Section 
II, above) was corroborated by Prowazek 
(1898), who found that nuclear substance 
was necessary. The same author (1903b) 
referred to reorganization during “depres- 
sion" in a related species, S, mytilus. He 
observed only some of the more obvious 
changes at the posterior end of the body. 
Dembowska (1915) used S, mytilus in her 
detailed comparison of fission (after Wal- 
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Icngrcn, 1901) with regeneration. She 
found a remarkably wcll-dcvclopcd re- 
generative capacity, which included the 
complete reorganization of all somatic 
organelles whenever merotomy effected 
the removal of one or more of these. This 
restorative process was introduced at the 
left of the more anterior set of nuclei 
(except when only one set of nuclei was 
present in the mcrozoon) by the formation 
of an anlage containing in miniature a 
full complement of the 18 ventral cirri 
(Fig. 8, 1-3). Together with similar 
anlagen of a new adoral zone and of two 
rows of marginal cirri, these rudiments 
proceeded to migrate to their definitive 
positions; at the same time all old or- 
ganelles were being resorbed at a pro- 
portionate rate (Fig. 8, 4-6). This 
restorative process closely simulated the 
reorganization accompanying fission. 
Having noted that only complete removal 
of a cirrus (including the basal plate) 
provided a sufficient stimulus for regen- 
eration, Dembowska was led to conclude 
that regeneration in this species must be 
due to a disturbance in coordination of 
the locomotor organelles. Since the two 
kinds of nuclear material could not be 
separated, her observations on the r 61 e 
of the nuclear apparatus were limited to 
noting that regeneration occurred only in 
nucleate merozoa. 

Young’s study of the nuclear apparatus 
of S, mytilus during regeneration (19x6) 
showed that the restoration of missing 
nuclei proceeded pari passu with cyto- 
plasmic reorganization. He concluded 
that the nuclear complex has a constant 
species-character. Years previously 
Lewin (1911) had noted the tendency of 
micronuclei of S, mytilus to increase 
beyond the normal number during regen- 
eration, while he apparently failed to see a 
reorganization zone; thus he stated, "... 
any reorganization . . . goes on by im- 
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showing path of migrating cirri, x x « plane of transection; sx- ■» adoral aone; “ ^Ugcof 

new ^oral aone; mic. — posterior macronucleus and micronucleus; r./. — reorganisation &ld. (After Dcm- 
bowska, 1913, rearranged.) 
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perceptible stages.” (p. 341). Hewitt 
(1914) had failed to confirm this nuclear 
behavior in Pleurotricha sp., but his data 
indicate that he may have neglected to 
examine regenerating individuals at a 
sufficiently advanced stage. Newer evi- 
dence from several ciliates has shown that 
there is often a multiplication of micro- 
nuclei during the regenerative process, 
but apparently the normal number is 
restored before the next fission. Tittlcr 
(1938), for example, produced mcrozoa of 
Uroleptus mobilis by the disintegrative 
action of induced electric currents, as 
Verwom (1889) previously had done for 
many Protozoa. He noted that the micro- 
nuclei of regenerating fragments often 
multiplied beyond the normal number, 
but the extra ones apparently were 
resorbed before division occurred. It 
should be noted in this connection that 
no investigator ever has confirmed 
Le Dantec’s poorly supported opinion 
(1897) that micronuclei could be recon- 
structed from macronuclear substance. 
His material included several unnamed 
ciliates, each presumably containing only 
one micronucleus, which he cut into two 
macronuclear fragments. The subsequent 
finding of a micronucleus in each merozoon 
led him to conclude that **. . .in certain 
cases at least, the micronucleus is regen- 
erated in merozoa not containing any 
trace of the old.” (p. 51). 

Dembowska (19x6) compared the re- 
generative capacity of several other hypo- 
trichs with that of Stylonyebia, Diophrys 
sp. responded equally well to merotomy, 
even small nucleate pieces regenerating 
completely. In so far as some unsys- 
tematic experiments on Amphisia (?) sp. 
and Actinotrkba sp. permitted a conclu- 
sion, they seemed to react similarly to 
Stylonyebia. 

Euplotes has been studied in many con- 
nections, some of which have contributed 


data to the problem of regeneration. 
Taylor (1910) made incidental references 
to regeneration in his cutting experiments 
on the fibrillar system of E. patella. Tay- 
lor (19x3) and Taylor and Farber (19x4) 
removed the micronucleus from E. patella^ 
using a micro-pipette. Such amicronu- 
cleate individuals evidently suffered from 
a waning vitality, since all experimental 
(50) died within a few days without 
dividing more than twice. Regarding 
the r 61 e to be ascribed to the micronucleus 
in cellular activity, Taylor and Farber 
indicated that ”... the conclusion is 
inevitable that the micronucleus possesses 
more than a germinal function in the life 
of this organism” (p. 139). 

Dembowska's experiments on £. ebaron 
and E. vannus (19x6) simply confirmed the 
essential points of her above work. Com- 
pared to other forms, regeneration in 
Euplotes was noticeably slower. Reynolds 
(193X) used E. patella for cutting experi- 
ments. She noted a definite racial varia- 
tion; thus in one race tentatively identified 
as E. patella^ operated individuals regu- 
larly disintegrated soon after cutting, 
while in a second race regeneration 
occurred only in anterior merozoa con- 
taining the micronucleus, part of the 
macronucleus and sufficient cytoplasm. 
Amicronucleate individuals always died, 
regardless of their size. 

The same work of Reynolds (193X) 
included data on Oxytrieba fallax. This 
species proved especially interesting, since 
she used normal and amicronucleate races. 
The normal, micronucleate race re- 
sponded like the closely related Stylonyebia 
(see above). All the regenerating 
merozoa contained both macronuclear 
and micronuclear substance. In the ami- 
cronucleate race, however, viable merozoa 
contained only macronuclear substance, 
and these too regenerated completely. 
Reynolds was drawn to the conclusion 
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that the nuclear content of normal, 
amicronuclcate individuals differed from 
that of amicronucleate individuals pro- 
duced experimentally. This might be 
explained by adopting Woodruff’s view 
that the “macronuclcus** of amicronu- 
cleate ciliates actually may be an amphi- 
nucleus; thus both nuclear elements would 
be included within a common mass 
functioning in a dual trophic and germinal 
capacity. 

Calkins (1911a) made the interesting 
discovery in Uronychta transfuga that the 
regenerative capacity is a function of the 
interdivisional age. During regeneration 
the adoral zone and powerfully developed 
cirri of this complex form were completely 
reorganized, in the manner described for 
fission by Wallengren (1901). Cuts made 
at spaced intervals between division 
periods separated two kinds of fragments; 
both contained part of the elongate 
macronucleus, but only one (depending 
on the kind of cut) contained the small 
micronucleus. Of those individuals cut 
soon after division (up to one hour), only 
merozoa containing both nuclear elements 
regenerated, but even these varied in their 
capacity. In older individuals (about 
halfway between division periods), the 
regenerative capacity proved considerably 
better; not only did merozoa containing 
both nuclei regenerate, but also amicro- 
nucleate fragments were reorganized nor- 
mally so long as macronuclear substance 
was present. Thus the regenerative 
capacity was indicated to be greatest at 
an advanced interdivisional age, when 
only the macronucleus was necessary for 
complete regeneration. Conversely this 
capacity became reduced immediately after 
division. The inference was that some- 
thing not present in the cytoplasm of a 
newly divided individual became replen- 
ished under nuclear influence as maturity 
was reached. 


Young’s study of U. setigera (1911) 
fully corroborated Calkins’ findings. He 
noted that regeneration did not follow the 
cutting of cirri so long as their basal 
plates were not injured; this pointed again 
to disturbance in coordination of loco- 
motor organelles as a possible impulse 
to regeneration. Young strengthened 
Calkins’ results still further by showing 
for U, binucUata that regular regeneration 
both of anterior and posterior merozoa was 
correlated with the normal presence of a 
micronucleus in each part of the body 
(hence binucUatd), He concluded that 
although regeneration definitely occurs 
at times without the micronucleus, ’’The 
ability to grow and divide is dependent 
on the presence of a micronucleus” (p. 
388). 

The Hypotrichina display great varia- 
tion in the place of origin of reorganiza- 
tion zones during asexual reproduction. 
In Stylonychia two distinct reorganization 
fields appear, one anteriorly and one 
posteriorly. In Uronychta one ”com- 
pound” field suffices for both daughter 
individuals. Diophrys discloses an addi- 
tional variation, in that two reorganiza- 
tion fields arise close together posteriorly. 
Indeed, the one permissible generalization 
rests in the essential similarity between 
the course of fission and of regeneration 
in a given genus. Dembowska’s com- 
parative study of £ 7 . transfuga and U, 
setigtra (1916) emphasized once again this 
general similarity. 

Taylor’s thorough study of U, uncinata 
(19x8) corroborated the essential points 
in previous work. Taylor presented an 
interesting theory of protoplasmic reor- 
ganization, emphasizing the similarities 
between normal, cyclical reorganization 
and the course of regeneration. Accord- 
ing to this theory, all protoplasmic 
reorganization would involve essentially a 
dispersion (dedifferentiation) followed by 
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a recondensation Credifferentiation) of 
the molecular components of cellular 
structures. Accompanying this profound 
resynthesis there might well occur a 
“physiological rejuvenescence** in the 
sense of Child. Consequently, the effect 
of reorganization in general can be visu- 
alized in terms of a heightened physio- 
logical activity. A favorable feature of 
this hypothesis is that it is susceptible to a 
precise experimental approach; also it 
takes cognizance of an underlying simi- 
larity between fission and regeneration. 

It is obviously desirable to correlate 
morphological and physiological data in 
seeking evidence of “rejuvenescence,** 
“aging,** etc. Bauer and Granowskaja 
(1934a and b) have made a pioneer attempt 
in this direction for Protozoa, using Ojq'- 
trkha sp. and Gastrostyla sp. It is 
interesting to compare their theory of 
protoplasmic reorganization • with that 
proposed by Taylor. Their starting-point 
is a thermodynamic concept of the cause 
of rejuvenescence. Briefly, it postulates 
that the onset of cellular reorganization is 
dependent upon attaining a “growth- 
limit.** The latter is restricted in turn 
by the amount of free energy per unit mass 
available for further assimilation, and 
growth will cease when the mean free 
energy begins to decrease. In order to 
restore the potentiality for further growth, 
a decrease in the biological system (i.^., 
cell division) must occur and liberate 
additional energy. In other words, nor- 
mal reorganization (cell division) will 
occur only when the capacity for further 
assimilation reaches a certain limiting 
threshold. At this point cell division 
ordinarily serves the dual function of 
diminishing the biological mass and, 
in some unknown manner, of liberating 
additional energy to be used in further 
growth. The advantage of this theory 
is to provide a cause for reorganization and 


to show how the end-result satisfies the 
impelling cause. To apply this theory 
to protozoan regeneration, they argued 
as follows: Since the immediate impulse 
to rejuvenescence apparently is a natural 
decrease of mass, experimental removal 
of part of the body (merotomy) might 
be able to replace fission as a rejuvenating 
stimulus. 

Their first paper (1934a) sought to 
discover whether the nuclear changes and 
respiratory rate of operated individuals 
indicated that a rejuvenating process was 
actually at work. On the whole, the 
results supported their hypothesis. Thus 
they showed that adujt and young indi- 
viduals reacted differently to merotomy; 
only the former (/.^., individuals having 
reached the “growth-limit’*) showed evi- 
dences of experimental rejuvenescence. 
These underwent a complete macronuclcar 
reconstruction that was accompanied by 
an intensified respiratory rate (measured 
by a Kalmus respirometer). Young in- 
dividuals, on the other hand, did not 
undergo nuclear reconstruction, but in- 
stead exhibited a lower respiratory rate. 

In their second paper (1934b), these 
investigators used a different approach. 
Hartmann had claimed that repeated 
regeneration could be substituted in- 
definitely for fission, as a result of experi- 
menting on Stentor mruUus (1912.) and 
on two species of Amotba (1914; 192.8; 
also see Sarcodina^ above). Bauer and 
Granowskaja showed that this held true 
only when the age factor discovered above 
was recognized. Consecutive operations 
on individuals which had reached their 
maximum size resulted each time in com- 
plete reorganization, and hence raised the 
possibility of the indefinite existence of a 
protozoon as one undivided individual. 
Their most successful experimental was 
still alive after 18 days (cf. 51 days for i*, 
cotrulius and 4 months for A. proNus in 
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Hartmann’s experiments). Repeated 
operations on young individuals resulted 
inevitably in their death. Bauer and 
Granowskaja concluded that experimental 
“individual immortality** (Hartmann) is 
the result of the same physiological re- 
construction processes which occur at 
periods of division. Merotomy appar- 
ently disturbs the fission normally asso- 
ciated with these processes and substitutes 
instead the regeneration of the original 
system. 

These data may aid in explaining the 
previously recorded behavior of Uronychia 
and Oxytricha, In both these forms only 
adult merozoa could regenerate consist- 
ently, while younger stages usually failed 
to do so, especially in the amicronucleate 
condition. The work of the Russian 
investigators indicates that younger stages 
of some Hypotrichina may be quite 
different in their general physiological 
potentialities from later periods, as indi- 
cated, for example, by a different respira- 
tory rate and morphologically expressed 
nuclear inactivity. A slighter capacity to 
regenerate may be one expression of this 
difference. Future investigations should 
be designed to corroborate these data and 
test the possibility of extending this 
approach to other phases of cellular 
activity. 

In concluding this account of the Holo- 
trichida and Spirotrichida, it seems clear 
that an increasing order of complexity is 
accompanied by a more regular pattern of 
regeneration. The well-defined anlage of 
the adoral zone of heterotrichs is succeeded 
in hypotrichs by localized anlagen for 
nearly all ciliary organelles. Now, it 
happens that recent anatomical studies of 
even the least specialized ciliates, the 
holotrichs, indicate that a precise cyto- 
plasmic mechanism equivalent to anlage 
formation also operates in those forms, 
at least during fission. Chatton and his 


collaborators have established in various 
genera undergoing fission that the newly 
forming mouth regions are in genetic 
continuity with the parental structure. 
This is caused by the proliferation of new 
basal granules and connecting fibrils 
either from a central primary stomatog- 
enous fibril (jcinitie stomato^ni) or from a 
more diffuse ciliary field, the details 
varying. 

It is instructive in this connection to 
turn to the one group of ciliates still to be 
treated here, the Peritrichida. The struc- 
ture of these forms indicates a derivation 
from generalized holotrichs. This deriva- 
tion is emphasized by the existence in this 
group also of a genetic continuity of oral 
structures (Chatton and Villcncuve, 1937). 
Indeed, the authors state: “The Peri- 
trichida exhibit . . . the most direct kind 
of genetic continuity of oral structures 
that is known to us.** Experimental 
corroboration of these anatomical ac- 
counts may be anticipated in the near 
future. 

The Peritrichida have been subjected 
to few experiments. The most fruitful 
approach has been used by Summers (1938a 
and b), on a complex colonial type, 
Zoothamnium altemans. The frond-like 
shape of this species results from the 
geometric precision with which its colo- 
nial members differentiate. The apical 
cell (terminal macrozodid) acts as a 
growing-point, and on each side gives off 
branches alternately which proliferate 
laterally. Six types of individuals are 
produced during the growth cycle of this 
species. Summers tested the ability of 
colonies to regenerate following the 
removal of various parts. *rhe regenera- 
tive capacity proved to be well-developed. 
Thus removal of the terminal macrozodid 
generally resulted in the assumption of 
that dominant position by the next lower 
terminal branch zodid, although in some 
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instances other individuals became the 
new growing-point instead. The infer- 
ence was that removal of the terminal 
macrozooid disturbed the physiologically 
dominant region of the colony, so that 
adjustments were necessary to establish a 
new relation of dominance-subordination. 
The consequent shift in morphogenetic 
expression indicated the labile and re- 
versible nature of the colonial organiza- 
tion. On the whole, regulatory responses 
were evoked more readily in the younger 
individuals of the colony. 

Summers suggested that time might 
play an important r 61 e in determining the 
reactivity of the different cells, for it was 
known that protozoan cytoplasm under- 
goes progressive physiological changes 
between division periods. Thus “. . . 
the intracellular activities of a Zootham- 
nium cell may lead to the “fixation” 
of specific potencies at some critical period 
after cell division ...” (p. 148). The 
expression of physiological dominance is 
also clearly important under normal 
conditions, since the transformation of the 
terminal macrozooid into a conjugating 
macrogamont results in the temporary 
shift of dominant growth to a sub- 
adjacent point. Zoothamnium presents 
good evidence, therefore, that regulatory 
mechanisms exist normally as in some 
Metazoa, and may act according to the 
degree of determination of certain cells. 

The important r 61 e of physiological 
dominance in peritrichs was noted as early 
as 1914, by Runyan and Torrey. When a 
solitary vorticellid (tf.g., Vorticdla sp.) 
undergoes fission, the migratory daughter 
individual develops an aboral ciliary 
ring soon after losing contact with the 
parent stalk. By removing normal in- 
dividuals from their stalks, they experi- 
mentally induced the same response. 
The presence of a stalk, therefore, appar- 


ently inhibits the appearance of aboral 
cilia. 

The relation of physiological dominance 
and subordination of parts has been dis- 
closed in a series of studies on protozoan 
regeneration. For example, the onset of 
regeneration seems to vary inversely with 
the exigent of injury. Thus Morgan 
(1901b) found that the presence of a por- 
tion of the old peristome of Suntor in- 
hibited the formation of a new one. 
Similar observations have been recorded 
by Moore (1914) for Spathidium; by 
Dembowska (19x5) for Stylonychia; and 
by Schmahl (1916), Taylor (1918), etc. 
Since Child’s demonstration (1914) of a 
metabolic gradient along the antero- 
posterior axis of ciliates, other investi- 
gators have confirmed the fact that the 
anterior region of the body generally 
occupies a dominant position. Taylor 
(19x8) and Tittler (1938) have found that 
anterior mcrozoa begin to regenerate 
sooner than posterior mcrozoa. This 
might explain Dembowska’s observation 
(192.5) that the regenerating anlagcn in 
Stylonychia always made their appearance 
alongside the anterior nuclear complex 
when it was present. Future study must 
decide whether the determining factor in 
such instances is a higher metabolic 
activity anteriorly. 

The only ciliates remaining to be con- 
sidered are a few endoparasitic forms 
which have received little attention. 
Sokoloff (192.4) found that Anoplophrya 
filum^ a large astomatous holotrich, had a 
very slight regenerative capacity pos- 
teriorly; thus replacement of cilia proved 
more successful at that end of the body. 
The opalinid ciliates respond poorly to all 
experimental treatment since they cannot 
be cultured successfully outside their 
amphibian hosts. Nussbaum (1884; 1886) 
found that fragments of Opalina ranarum 
disintegrated after a few hours withoiic 
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showing evidence of recovery. Sokoloff 
(1914) used various salt concentrations 
in his culture media, but 0. tanarum never 
survived longer than vl hours. He re- 
ported the appearance of some cilia at a 
cut surface, but this irregular response 
was the only indication of regeneration. 
In Joff’s study of 0 . ranarum (19x3), it 
was shown that rod-like bodies (mito- 
chondria) accumulated at the edge of a 
wound within an hour after cutting, but 
he gave no evidence of regeneration. It 
would seem, therefore, that endoparasitic 
ciliates do not react like free-living forms. 
Since satisfactory nutritive media were 
not provided in these experiments, how- 
ever, final judgment must still be 
withheld. 

(2). Regeneration in dividing individuals 

We have seen that ciliates in ordinary 
vegetative stages possess a remarkable 
ability to restore missing parts. The 
question arises, whether or not the 
regenerative capacity is equally well- 
developed during other stages of the life 
cycle, that is, during fission, encystment 
and conjugation. 

Only a few of the many references to 
merotomy during fission have disclosed 
important facts. Gruber's few data 
(1885b) indicated that Stentor undergoing 
fission had the same regenerative capacity 
as at other times. The work of both 
Peebles (i9ix) and Tartar (1939) 
Paramecium caudatum supported this view. 
On the other hand, Calkins’ study of 
Uronyebia (1911a) showed that late divi- 
sion stages reacted relatively poorly to 
cutting. Where cytoplasmic viscosity de- 
creases during &sion, recovery may 
become more difficult in proportion to the 
greater danger of difSuence. 

There is evidence that a “division zone” 
is established in ciliates even before the 
appearance of external signs of fission. 


This would explain the fact, first men- 
tioned by Balbiani (1891), that merotomy 
often does not interrupt the physical 
cleavage process and may result, therefore, 
in the production of unequal sized off- 
spring. Faur6-Fremiet’s study of Urostyla 
grandis (1910), a large hypotrich, showed 
that division is a reversible process up to a 
certain stage. During the earlier period, 
operated individuals returned to the 
vegetative condition and regenerated be- 
fore dividing. Merotomy during the 
later stages showed that division had 
become irreversible. The behavior of 
dividing Stylonychia discloses some addi- 
tional facts. Dembowska (1915) found 
that merotomy had no effect on the divi- 
sion process, since this continued in all 
instances studied. Concerning regenera- 
tion, she found that removal of parental 
organelles (organelles destined to be 
replaced during fission) did not cause a 
regenerative process to follow division. 
The excision of any newly forming orga- 
nelles, however, resulted later in the 
regeneration of all organelles in the 
“presumptive" offspring which had been 
mutilated. 

The irreversible nature of the division 
process leads logically to the problem 
of whether or not morphogenesis itself 
can become irreversible during fission. 
If that should occur, then one might 
expect new-formation to occur in enucleate 
dividing merozoa. Gruber (1885b) re- 
ported that this actually was the case in 
amacronucleate dividing Stentor^ stating 
“. . . we are dealing with a movement 
whose course no longer can be halted, 
even if the moving force (/.#., the macro- 
nucleus) is removed" (p. 140). Stevens 
(1903a) extended this observation to 
regenerating individuals, in which an 
anlage had appeared before she removed 
the “balled" macronucleus. Balbiani's 
work (1891) on Stentor cast some doubt 
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on these data, since he showed that new- 
formation could continue in enucleate 
dividing merozoa only in late stages 
(“balling** of the macronucleus); when 
the macronucleus was removed in earlier 
stages the anlage did not continue to 
develop. The interpretation to be de- 
rived from this fact is that nuclear material 
seems to be essential to the formation and 
maintenance of an anlage until a certain 
irreversible stage is reached. Following 
that stage, further development probably 
involves essentially the unfolding of struc- 
tures already present as rudiments. 

0 )- Regeneration in encysting individuals 

Encystment occurs at various times in 
ciliatcs, in some for protective purposes, 
in others for endomictic reorganization, 
and in a few forms during the division 
process. Where the last occurs (Stylo^ 
nethes^ Colfoda^ etc.), it should prove 
interesting to learn whether the mode of 
regeneration is in any way correlated 
with this. An incidental observation by 
Gamjobst (1937) did show that Stylonethes 
sterkii regenerated within a cyst after 
accidental injury. Apparently the same 
fundamental processes underlie both divi- 
sion and regeneration in this form also. 

(^). Regeneration in conjugating individuals 

The reorganization of the nuclear appa- 
ratus during conjugation raises the ques- 
tion, whether or not changes occur also in 
regenerative capacity during this period. 
Balbiani (1891) noted that the ability to 
regenerate varied with the stage of 
conjugation. When cut soon after joining 
in conjugation, Stentor regenerated con- 
sistently. The nuclear apparatus of these 
individuals had not begun to reorganize. 
Later, when the old macronucleus had 
begun to be resorbed, regeneration did not 
occur after merotomy. Toward the end 
of the conjugation process, after the 
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appearance of the new macronuclear 
anlagen, cutting again evoked the regen- 
erative response. As indicated in the 
section on Ciliata (see above), this fur- 
nished indirect evidence of the importance 
of the macronuclcus during regeneration. 
Calkins (1911) operated on Uroleptus 
mobilis during various stages of conjuga- 
tion. He showed that removal of the 
cytoplasmic bridge containing the mi- 
grating gametic nuclei had no effect on 
the reorganization process. Once under 
way, nuclear and cytoplasmic reorganiza- 
tion continued in the merozoa without 
cross-fertilization. Operations on indi- 
viduals preparing to conjugate, however, 
were not followed by any similar nuclear 
reorganization. As in fission, therefore, 
there seems to be an early stage of labile 
determination, following which the con- 
jugation process becomes irreversible 
without regard to the consequences. 

(b). Physiological regeneration 

All the preceding accounts of regenera- 
tion have had at least one element in 
common, namely, a restoration of struc- 
tures caused by some kind of injury to the 
body. Physiological regeneration, on the 
other hand, involves a process of replace- 
ment whose immediate cause may not be 
noticeable, but which is traced to a 
normal growth process. Periodic moulting 
and replacement of worn-out parts fit 
into this category; and the apparently 
spontaneous replacement of the oral region 
of ciliates has also been ascribed to this 
process. However, the dividing line be- 
tween physiological regeneration and re- 
storative regeneration in Protozoa cannot 
be very sharp. The partial fusion of two 
bodies during conjugation, for example, 
causes the local resorption of organelles. 
Maupas (1889) described the ensuing 
fundamental reorganization of all somatic 
organelles in several genera of the Hypo* 
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trichina; Hammond (1^37) recently 
J/2cd pa/f//a with particular care. 

In all reports the reconstitution has been 
found to simulate the course of experi- 
mental restoration. 

Are these instances of restorative regen- 
eration or physiological regeneration? 
The latter presumably results from the 
operation of a normal internal mechanism, 
and yet conjugation can be induced 
experimentally. Many investigators have 
supported the view that conjugation 


regeneration in ciliates is the spontaneous 
replacement of the adotal zone in free- 
swimming Stentor. Balbiani de- 

scribed the process in S. coeruleus (Fig. 9), 
and showed that the nuclear and cyto- 
plasmic aspects of reorganization were 
similar to those occurring in fission (cf. 
Fig. 6). He discovered also that cultural 
conditions could exercise some effect: 
“. . . by placing these animals under 
certain cultural conditions, . . . after some 
days there are induced numerous regen- 
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Fio. 9. Phtsiolooxcal Rbobnbaation in Stentor Coskulbus, Showing Proobbssivb Rboroanizatxon of 
THB Aj>oral Zonb AND Macronuclbxti (cf. Fio. 6) 

** parental adoral zone; » anlage of new adoral zone; ma, » macronucleus. (After Schwartz, 
1935, redrawn and slightly modified.) 


induces nuclear and cytoplasmic reju- 
venescence. If this is true, then the 
reorganization of somatic organelles in- 
volves their ** physiological regeneration.’* 
A different view is available, however. 
Maupas (1889) regarded the cytoplasmic 
reorganization accompanying conjugation 
as essentially a kind of restorative regen- 
eration, made necessary by the lesions 
resulting from the ph)rsical act of mating. 
The available evidence seems to favor this 
latter view as the more reasonable one. 

The classical example of physiological 


erations, the course of which occurs in a 
perfectly regular manner” (p. 32.4). 

Physiological regeneration has been 
recorded for other Protozoa. Johnson 
(1893) independently confirmed Balbiani's 
account, using S, coeruleus and S, poly^ 
morphus, Faur6-Fremiet (1906) described 
in detail an abnormal individual (’’mon- 
ster”) of S, coeruleus^ which apparently 
resulted from abortive physiological 
regeneration. Schwartz (1934; 1935) de- 
scribed the process in this species most 
recently. He supported Balbiani’s opin- 
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ion that it represented a normal, periodic 
growth process. 

Other ciliates in which physiological 
regeneration has been described include 
Nassula (mentioned by Chatton and 
Lwoff, 1936); Colpidium campy lum (Klein, 
19x8); Glaucoma scintillans (Chatton, 
LwofF, LwofF and Monod, 193 1 ; von Gclei, 
1935); Bursaria truncatella (Lund, 1917; 
Schmahl, 192.6); Licnophora macfarlandi 
(Balamuth); Holosticha rubra (Wallengren, 
1901); and Cyathodinium piriforme (Lucas, 
1931). Cyathodinium is especially interest- 
ing because of its unique mode of 
reorganization; the new ciliaturc and 
peristome arise as an intracellular anlage 
which later migrates to the surface. It is 
notable that the same kind of reorganiza- 
tion process occurs during fission. 

Physiological regeneration has been 
recorded also in other groups. Cien- 
kowski (1873) noted in Noctiluca that 
“. . . the flagellum is often gradually 
resorbcd and then regenerated on the 
rounded-up body* * (p. 50). The heliozoan, 
Wagnerella borealis^ regularly replaced its 
capitate upper end after losing it sponta- 
neously (Ziilzcr, 1909). An equivalent 
process of restoration has been described 
even in the parasitic Sporozoa. L6ger 
and Duboscq (1904) found that the 
gregarines, Stylorhynchus and Pyxinia^ 
could spontaneously regenerate attach- 
ment-organelles (epimerites), depending 
on the trophic conditions. 

Finally, attention should be drawn to an 
investigation by Hetherington (1931). 
He questioned whether physiological re- 
generation was a ** normal growth process** 
in S, coeruleus, since he could ^d no 
evidence of its occurrence in controlled 
culture media. In mass cultures, on the 
other hand, such reorganization occurred 
frequently. His conclusion was simply 
that chemical as well as physical stimuli 
can induce regeneration. The inference 
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seems clear that what has been termed 
“physiological regeneration*’ may also 
be a reparative process. This would 
remove it from its status in a special 
category. 

(5). Influence of environmental factors on 
regeneration 

Environmental conditions exert a defi- 
nite influence on the course of regenera- 
tion. For example, growth processes 
generally vary directly with the tem- 
perature within the biological range. 
Morgan (1901b) was able to inhibit the 
regeneration of S. coeruleus for many hours 
by subjecting mcrozoa to low tempera- 
tures. Later investigators have amplified 
the general applicability of this fact. 

It is well known that the hydrogen-ion 
concentration sets definite limits to 
growth capacities and even to viability. 
SokolofF (1924) noted that ciliates re- 
sponded very diflFerently to changes in 
acidity; thus Dileptus regenerated at a 
pH of 9.x with little difficulty, while 
fragments of Bursaria did not remain 
viable at a pH above 8. Chcjfec (193X) 
attempted to increase the regenerative 
capacity of Paramecium by varying the 
hydrogen-ion concentration. He found 
that the ciliates survived and regulated 
better in a more acid medium (pH of 5). 
Since the viscosity of cytoplasm increases 
at a lower pH, apparently this is an 
important factor in accounting for the 
difl^crence. Tartar has observed that Para- 
mecium can be cut more easily in an acid- 
ified medium, owing to the changed 
physical condition of the outer cell-layer. 

The effect of the ionic composition of 
the medium on the regenerative process 
has not been studied sufficiently. Bal- 
biani’s preliminary work (terminated by 
death) in 1899 showed that a hypertonic 
solution could have the same effect as 
merotomy. When Stylonyebia n^tilus was 
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subjected to a 0.15 per cent solution of 
“sea salt,** various parts of the body 
underwent gradual dissolution. *rhese 
mutilations proved readily reversible upon 
return to normal conditions, although 
Balbiani failed to detect evidence of an 
anlage during regeneration. Sokolofif 
(19x4) tested the relative eflfects of differ- 
ent ions on regeneration. Using several 
ciliates, he found that in weak concen- 
trations mixtures of Na and Ca ions 
exercised a stimulating effect on healing 
and regulation of shape, the Ca ions being 
most beneficial of those used. This is 
possibly related to the mechanism in 
metazoan cells, for Heilbrunn (1934) and 
others have shown that the Ca ion acts in 
membrane formation following mcrotomy 
(the surface precipitation reaction). Fur- 
ther experimentation along these lines 
is definitely necessary. 

The nutritive condition seems to play 
an important rdle in reorganization. 
Wallengren's analysis of Paramecium cauda- 
turn (1901) showed that inanition induced 
a series’ of progressive changes in the cyto- 
plasm and macronucleus. These included 
resorption of cilia, vacuolization of the 
endoplasm, structural alteration and frag- 
mentation of the macronucleus. Such 
changes were reversible up to the point 
where prolonged starvation finally caused 
granular degeneration of the cytoplasm. 
It may be concluded, therefore, that 
starvation finally produces an irreversible 
change in cytoplasm that is not compa- 
rable to the effect of earlier stages of ina- 
nition. Enriques (1911) compared the 
effects of hunger and “senile degenera- 
tion** on the nuclear apparatus of two 
hypotrichs, Opercularia coarctata and StyUh 
nychia fustulata. He found that the 
macronucleus experienced similar changes 
in both instances, agreeing with Wallen- 
gren*s description. These degenerative 
modifications during hunger were used 


as evidence of a visible disturbance in the 
normal secretory activity of the macro- 
nucleus. Lund (1917) noted that starva- 
tion caused Bursaria to decrease in size 
from 6oo/i to less than 90/1. Reorganiza- 
tion of these smaller individuals often 
occurred after two or three days without 
food. Evidently inanition induces deep- 
seated changes in protozoan organization. 

Several studies of regeneration already 
referred to have included data involving 
nutritional factors. Peebles (191X) 
showed that starvation of Paramecium 
caused a decrease in regenerative capacity. 
Similar results were obtained by Young 
(1912.) on Urortychia^ and by Moore (1924) 
on Spathidium, Using Bursaria, Sokoloff 
(1914) found that individuals which had 
been deprived of food for two days re- 
generated better than the average, while 
more advanced deprivation caused the 
loss of all regenerative ability. Chejfec*s 
study of Paramecium (193X) supported 
Sokoloff's results in showing that mild 
hunger increased the incidence of recovery 
and regulation of merozoa. These results 
agree, in general, with the implications 
of Wallengren’s study. 

In this connection the recent work of 
Dembowska (1938) is especially timely. 
Having observed that Stylonychia mytilus 
occasionally underwent a complete reor- 
ganization without apparent cause, Dem- 
bowska investigated the r 61 e of cultural 
conditions. She was able to demonstrate 
that hunger was the causal factor, acting 
probably through an altered structural 
organization. Thus by withholding all 
food during the lifetime of an individual, 
it underwent a series of repeated reorgan- 
ization processes quite similar to those 
occurring in fission and regeneration ((/. 
Fig. 8). The average response was x6 
complete reorganizations during a 19-day 
period of viability. Reorganization oc- 
curred more frequently with advancing 
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hunger, so that toward the end the 
dilates were literally in a condition of 
permanent reorganization. Both types 
of nuclei tended to multiply as in fission, 
but the extra ones were resorbed in each 
instance before the following reorganiza- 
tion process. 

This investigation may account for 
several reports of apparently spontaneous 
reorganization which have been referred 
to the special category of physiological 
regeneration. It may hold in some of 
these cases that instead of a periodic 
growth process, simple environmental 
factors have acted as causal stimuli. It 
will be recalled that Balbiani (1891a), 
Lund (1917) and Hcthcrington (193O 
also noted an effect by the milieu on the 
onset of “physiological regeneration.** 

Among environmental factors not usu- 
ally considered is that of parasitism. 
Many Protozoa are attacked by parasites, 
although the true nature of these invaders 
was not established until after the middle 
of the nineteenth century. As early as 
1876 Biitschli made some interesting 
observations on parasites of ciliates. In 
several instances he was able to transfer 
infections of suctorians from ciliate to 
ciliate. More to the point, he recorded 
the complete reorganization of the peri- 
stomal region in a Stentor coeruleus which 
had been parasitized by a holotrich (p. 
349). It is possible that some injurious 
action of the parasite provided the neces- 
sary stimulus for reconstitution. Most 
of the records of parasitism in Protozoa 
simply describe progressi/e degeneration 
of the hosts. 

To summarize this phase of the review, 
it ^ ms til^regenerative processes can 
b^isd d’ d wy other factors besides 
Ifsec ‘ >ni>. C^ain environmental stim- 
Vived^oke a reorganization comparable 
' erati<^t following physical removal of 
material. The response always seems to 
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follow a fundamental course which is 
roughly analogous to the mechanics of 
fission. No proof has been offered to 
show that physiological regeneration does 
not exist, but in the light of recently 
exposed facts a reinvestigation of previous 
reports and further, controlled experi- 
ments seem highly desirable. 

IV. EVIDENCE BEARING ON THE MECHANISM 
INVOLVED IN REGENERATION 

The descriptive aspects of regeneration 
have an intrinsic interest, but they leave 
unsolved the more fundamental problem, 
namely, the nature of the mechanism 
underlying these remarkable form- 
changes. In each instance the course of 
morphogenesis is determined by the degree 
of organization of given Protozoa. Func- 
tional necessities have been met by a 
wide variety of structural adaptations. 
In some forms, indeed, there is even a 
progression of cyclical stages involving 
complicated metamorphoses (cf. the mala- 
rial parasite, or Foraminifera, or certain 
ciliates). Although this complex or- 
ganization is contained within a common 
limiting membrane, it is unsatisfactory 
to regard a protozoon as equivalent to a 
metazoan cell. The true point of com- 
parison rests in the organismal nature both 
of Protozoa and Metazoa. As long ago as 
1851 Perty indicated the inadequacy of the 
cellular approach in concluding that **. . . 
this Concept of the Cell in no way has uni- 
versal validity; in the lower creatures the 
organism and the cell (or cells) are 
identical** (p. 31). In this century Dobell 
(1911) and others have elaborated upon 
this thesis of the non-cellularity of 
Protozoa. 

If we regard the Metazoa and Protozoa 
as comparable groups, then morphogenetic 
changes during the development of multi- 
cellular forms should be reflected by some 
analogous ontogenetic processes in Pro* 
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tozoa. Facts already presented support 
this view. A protozoan individual de- 
velops during fission from a relatively 
homogeneous substratum. Progressive 
cytoplasmic and nuclear changes occur 
between reproductive periods; and regen- 
erative potencies, for example, depend 
on the physiological condition at a given 
moment. In other words, just as forma- 
tive processes transform a germ cell into a 
mature metazoan individual, certain com- 
parable processes act on a developing 
protozoon. All the available evidence 
has indicated that the regenerative process 
follows the same general course as fission. 
The inference is that regeneration too is 
essentially a kind of development. Pres- 
ervation of species-identity emerges as the 
fundamental problem. Apparently the 
causal mechanism of reorganization may 
be stimulated in various ways. Under 
ordinary circumstances it consists in 
growth beyond the normal limit; under 
experimental conditions of regeneration 
it may include any of a number of physical 
and chemical disturbances. 

The formative process must receive its 
initial impulse either from the cytoplasm 
or the nucleus, or possibly from an inti- 
mate interaction of the two. Most 
investigators have been concerned more 
with the mechanics than with the mecha- 
nism of regeneration, and accordingly have 
emphasized the more obvious cytoplasmic 
phases of reorganization. It has been 
shown, however, that nuclear changes 
also definitely occur. Some workers have 
supported the opinion that the cytoplasm 
is the seat of the formative mechanism, 
despite the fact that enucleate fragments 
invariably fail to survive the effects of 
merotomy. Loeb (1899) reflected one 
approach used by this group in offering 
the opinion that **. . . the nucleus is the 
oxidative organ of the living substance; 
. . . enucleate cell-fragments are unable to 


regenerate only because in them the 
oxidative activities have sunk to a sub- 
minimal level** (p. 69^). This view 
would reduce the nucleus to the rank of an 
essential but subordinate organelle. Loeb 
was apparently unaware of the fact that 
Verworn (i89x) had shown that enucleate 
fragments of Burs aria also utilized oxygen. 
Lynch C1919) presented even more effective 
evidence against Loeb*s hypothesis, using 
Amoeba proteus. His data demonstrated 
that repiration and metabolic rate are not 
depressed by enucleation. He argued, 
therefore, that there must be important 
centers for oxidation in the cytoplasm. 

Others, such as Prowazek (1913) and 
Sokoloff (1914), have supported Locb*s 
view, consciously or not, in claiming that 
the nucleus is not always essential for 
regeneration. As recently as 1919 Klein 
claimed that the ectoplasm and silver-line 
system of ciliates represent the site of 
formative energy. With no direct evi- 
dence of his own for support, he asserted : 
‘‘During regeneration the nucleus remains 
completely inactive and does not partici- 
pate in the restorative process** (p. 151). 

Evidence favoring the nucleus as the 
source of regenerative energy has been 
more abundant, and is derived from 
various channels. Morphological 
evidence from fission indicates that nu- 
clear activity often precedes the first 
cytoplasmic changes. Evidence involv- 
ing ciliates should prove especially 
valuable, since trophochromatin and idio- 
chromatin arc considered to be segregated 
in these forms. Summers (1935), Ham- 
mond (1937), Young (1939), etc. have 
shown that macronuclear reorganization 
begins before cytoplasmic changes in 
various Spiro trichida . Awerinze w (/. 0 
described the interesting ch'. w^s a 4.6 h- 
panying fission in Lagenophrysy i ‘ ^|ay 
peritrich. Besides noting the at 
observed that the macronucleus 01^ cnc 
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migratory daughter individual alone ac- 
quired an irregular shape and gave oflF 
fragments to the cytoplasm. These evi- 
dences of activity were correlated with 
the fact that only the migratory daughter 
formed a new attachment apparatus and 
test. Extrusion of chromatin elements 
during macronuclear reorganization has 
been reported in many other ciliates. 
Although its significance is not yet clear, 
from a chemical point of view it is plain 
that this ‘‘purification process’* (Calkins, 
1930) must liberate complex substances 
into the cytoplasm. In this site they 
would be available for further use. An- 
other indirect evidence of nuclear activity 
during morphogenesis is the reference by 
Biitschli and others to the accumulation 
of nuclei at the site of shell secretion in 
Foraminifera (sec Sarcodina^ above). 
Physiological evidence also indicates that 
the nucleus (macronucleus in ciliates) 
is a site of secretory activity. Thus 
enucleation impairs the healing of cut 
surfaces, the secretion of sticky sub- 
stances by locomoting amebae, the diges- 
tive function and all anabolic processes. 

Regeneration experiments have con- 
tributed more direct evidence of nuclear 
activity during morphogenesis. Early 
work by Brandt (1877) on Actinosphamum 
and by Schmitz (1879) unicellular algae 
(yalonia^ etc.) had shown that the nucleus 
must be present for new-formation. This 
had provoked the long series of experi- 
ments by Nussbaum, Gruber and others 
on Protozoa. Regeneration is clearly 
dependent upon the presence of nuclear 
substance in these organisms. In the 
ciliates, furthermore, it has been shown 
that the macronucleus alone controls the 
onset and maintenance of regeneration 
(see Ciliata^ above). Certain facts de- 
rived from occasionally abnormal regen- 
eration also have supported these findings. 
Balbiani (1891b) produced a “double 
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monster** in Sttntor cotruhus by incom- 
plete merotomy. He correlated the dual 
cytoplasmic organization with the dual 
macronucleus which was also present. 
When the two sets of macronuclear seg- 
ments fused to form a single macronucleus, 
there resulted a striking cytoplasmic 
rearrangement and the restoration of a 
unitary organization. Macronuclear ac- 
tivity seems to have been the guiding 
factor. There are many other instances of 
monster-formation in Protozoa as a result 
of abnormal regeneration, but the be- 
havior of the nuclear apparatus has not 
been followed closely. Rhumbler (1901) 
distinguished between “multiple-individ- 
uals** and “cleft-individuals** in his anal- 
ysis of foraminiferan monsters. Calkins 
(1911b) analyzed several extreme cases 
in Paramecium in which a body contained 
as many as fourteen oral regions. Hetero- 
morphosis has been described in Bursaria 
(Lund, 1917) and in the related Condy-- 
lostoma (Tartar, 1938b). Careful study 
of nuclear activity is needed in all such 
instances as these. 

Even conceding it an active r 61 e in 
morphogenesis, the nucleus might con- 
ceivably function merely as an orienting 
agent for formative substances elaborated 
in the cytoplasm. There is no evidence, 
however, that this is the case. On the 
other hand, it has been shown in various 
connections that the nucleus may secrete 
substances into the cytoplasm. A more 
probable mechanism, therefore, involves 
the active secretion of stuffs by the 
nuclear apparatus (macronucleus in cili- 
ates) during periods of morphogenesis. 

Difficulties of direct demonstration are 
intrinsic in the material itself, especially 
in relatively small, motile organisms like 
the ciliates. Some of the larger unicel- 
lular algae also have long been subjected 
to regeneration experiments. These pro- 
vide more favorable material for various 
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reasons; they are large, can be dissected 
readily, and even enucleate, chlorophyll- 
bearing fragments are viable for long 
periods. Recent work on Acetabularia^ a 
complex uninucleate form related to 
Valonia^ has led Hammerling (1934a and 
b) to some important discoveries of perti- 
nence to the present discussion. This 
alga is highly polarized, consisting of a 
basal rhizoid with the single nucleus, an 
erect stalk, and a reproductive umbrella. 
By testing the regenerative potencies of 
fragments of individuals at different ages, 
Hammerling discovered a remarkable nu- 
clear control of morphogenesis. He was 
able to make quantitative biological 
assays of the formative influence, which 
seemed to be of a substantive nature. 
His conclusion was that formative sub- 
stances originate in the nucleus and act 
along concentration-gradients which have 
their high points at sices of morpho- 
genesis. If corroborated (and the data 
seem to be exceptionally clear-cut), this 
will prove to be the most direct evidence 
yet discovered of a causal mechanism in 
regeneration. A direct link can thereby 
be established between the production, 
distribution and action of morphogenetic 
substances, although they have not yet 
been identified chemically. It has been 
suggested that their migration in definite 
directions is probably due to the existence 
of physiological gradients similar to those 
identified in other plants and in animals. 

The applicability of this mechanism to 
protozoan regeneration must be left to 
future investigations. It provides sug- 
gestive data which arc in agreement with 
all of the known facts in Protozoa. It 
has been seen that Calkins* investigation 
of Uronyebia (1911a) indicated that some 
kind of formative stimulus probably was 
transmitted from nucleus to cytoplasm 
(see Ciliata^ above). His conclusion con- 
tained a supposition (adapted from specu- 


lations by deVries and R. Hertwig) that 
is especially interesting in the light of the 
recent work on Acftabularia, It may well 
serve as the working-hypothesis for in- 
vestigating the next important phase of 
the problem of regeneration in Protozoa: 

. substances arc formed in the nucleus 
and transferred to the cytoplasm, where 
they or the products of their activity 
accumulate until a condition analogous 
to saturation is reached. Cutting the 
cell at this period results in the exhaus- 
tion, through regeneration, of these sub- 
stances . . (p. 1 1 5). 

V. SUMMARY 

I. An attempt has been made to treat 
comprehensively some of the major prob- 
lems associated with regeneration in 
Protozoa. 

1. The capacity for regeneration has 
been demonstrated in all principal groups 
of free-living Protozoa. The data in- 
volving parasitic forms (Sporozoa, etc.) 
arc still too incomplete to permit of any 
definite conclusions. 

3. From the available facts, it seems 
clear that the course of regeneration in 
each group is restricted by the develop- 
mental possibilities common to that 
group. In other words, regeneration in- 
volves the experimental counterpart of 
the normal limits of reorganization that 
occur at various phases of the life-history. 
This becomes explicable when we consider 
that one basic mechanism probably acts 
both during normal and experimental 
reorganization. 

4. Few experiments have been per- 
formed on flagellates (Mastigophora), 
and these have involved complex forms 
of the Dinoflagellida and Volvocidae. 

5. The pseudopodia-bcaring Sarcodina 
have yielded some valuable results. In 
all instances the restoration of extirpated 
structures is dependent on the presence of 
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nuclear substance; even the more highly 
evolved groups have retained a high 
regenerative capacity. 

6. The ciliates have yielded the most 
extensive data on regeneration. Their 
complex organization permits a great 
variety of experimental procedures. 

Co) Of the dual nuclear apparatus, only 
the macronucleus can be shown to function 
in the actual regenerative process. The 
r 61 e of the micronucleus in this connection 
is as yet unclear; apparently it is more 
important in the viability of some forms 
than in others. 

( 4 ) The series of advancing structural 
complexity in the ciliates involves pri- 
marily a specialization of the oral region 
and of locomotor organelles. Correlated 
with this, the regenerative response tends 
to become restricted to the activity of 
anlagen of the organelles involved. This 
has been illustrated in the review by the 
comparative responses of the holotrichous 
Paramecium^ the hcterotrichous Stentor 
and the hypotrichous Stylonychia, In the 
Hypotrichina the regenerative response 
has become so highly integrated that 
removal of one motile organelle causes 
the complete reorganization of all loco- 
motor and oral structures. These in- 
variably develop in the same manner: 
primary differentiation within a reor- 
ganization field, and subsequent migration 
to their definitive positions. Evidence 
is given of physiological differences in 
the cytoplasm of young and adult in- 
dividuals (Bauer and Granowskaja), 
which may throw some light on the data 
of Calkins (1911a), etc. 


(0 Ciliates retain a marked regenerative 
capacity during the processes of fission, 
cncystation and conjugation. Cutting ex- 
periments during fission often produce 
truncate offspring, attesting the presence 
of an irreversible division zone. The 
regenerative capacity during conjugation 
apparently is dependent on development 
of the new macronuclear anlage following 
meiosis. 

7. Physiological regeneration has been 
reported in many Protozoa, and involves 
spontaneous replacement of structures. 
Evidence is available that at least some of 
these reports probably have mistaken 
restorative regeneration (induced by en- 
vironmental stimuli) for a “normal 
growth process.** Further investigations 
arc highly desirable. 

8. The nature of the mechanism under- 
lying regeneration is still unsolved. There 
are many data, indirect and direct alike, 
which suggest an active, guiding r 61 c 
by the nuclear apparatus (macronuclcus in 
ciliates). The nuclco-plasmic ratio may 
play an important part, but probably it 
comprises at best only one of a complex 
set of factors. 

9. Recent work on Acetabularia may 
offer a promising working-hypothesis 
of a regenerative mechanism in Protozoa. 
In this unicellular alga formative stuffs 
arc produced by the nucleus and arc dis- 
tributed along concentration-gradients to 
sites of morphogenesis. The activity of 
physiological gradients, such as have 
been demonstrated for Protozoa and other 
organisms, might explain the directional 
movements involved. 
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A CQUIRED immunity from virus 
diseases has been studied by 
a number of phytopathol- 
X ogists in the decade since 

1918. Much of the literature on the 
subject has not, however, come to the 
attention of biologists in general. More- 
over, plant virus workers in many in- 
stances have apparently failed to recognize 
the significance and usefulness of the 
immune reaction for determining natural 
relationships of plant viruses. For these 
reasons, a general review pai'ier may be of 
value to those who wish to acquaint them- 
selves ‘with progress in the field. In 
order to avoid lengthening the paper un- 
necessarily, discussion will be restricted 
entirely to virus diseases. The literature 
on the highly controversial subject of 
acquired immunity from bacterial and 
fungous diseases of plants was reviewed 
by Chester (19) in 1933. 

THE MEANING OF ACQUIRED IMMUNITY 

A clear understanding of what is meant 
by acquired immunity is necessary for 
proper evaluation of the data and con- 
clusions which follow. While not all 
pathologists agree as to what constitutes 
acquired immunity, there seems to be 
general agreement in medicine that it is 
relative rather than absolute (55, 15, 
15, loi, 106, ii8). From this viewpoint, 
it may be defined as the resistance an 
individual organism acquires to a disease. 


It is necessary to add further that this 
resistance is specific in order to exclude 
changes in susceptibility induced by 
nutrition or aging of the host and by 
such environmental factors as would be 
apt to alter resistance not only to the di- 
sease in question but also to various other 
unrelated diseases. 

Acquired immunity may be either active ' 
or passive. It is active if induced by . 
infection with a parasitic agent, passive 
if induced by injection with immune , 
scrum or antibodies obtained from other 
individuals. Active immunity is well 
known in virus diseases of both animals 
and plants. On the other hand, passive 
immunity, well known in virus diseases 
of animals, has not been demonstrated in 
plants and need not be further considered 
here. (Since this paper was prepared for 
publication certain experiments reported 
by Wallace (Phytopathology p: 673-679, 
1940) were interpreted as giving evidence 
of the presence of antibody-like substances 
in tobacco plants recovered from the curly 
top disease.) 

Active immunity may be classified into ] 
three types, the chronic-disease type, the J 
carrier type, and the sterile type. The j 
chronic-disease type involves neither dis- \ 
appearance of the immunizing disease nor 
disappearance of the causal agent. The 
individual becomes solidly immune from 
a severe type of disease but suffers from 
a chronic mild disease. The carrier type 
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of acquired immunity involves persistence 
of the disease agent but disappearance of 
obvious manifestations of disease. In 
some diseases inducing this type of im- 
munity, the individual is permanently 
protected from a second attack even when 
subjected to massive reinoculations with 
the infective agent. The sterile type of 
acquired immunity has not yet been 
demonstrated for plant virus diseases. In 
this type, not only do obvious signs of 
disease disappear, but the inciting agent 
disappears also, or at least cannot be 
detected by ordinary methods. The 
sterile type may be transitory or permanent 
and readily or with difficulty broken 
down by massive inoculation. Finally, 
it must be recognized that there is no 
sharp line of division between the three 
types of acquired immunity. The ex- 
tent to which the concentration of the 
pathogenic agent is reduced determines 
whether the immunity is of the sterile or 
carrier type. The extent to which signs 
of disease disappear determines whether 
it is of the carrier or chronic-disease type. 

In the .discussion which follows, ac- 
quired immunity from plant virus diseases 
will be considered under two main head- 
ings, immunity following recovery from 
disease and, second, cross immunity in 
which infection with one strain of 
a virus protects from infection by closely 
related strains of the same virus. The 
immunity following recovery from disease 
is of the carrier type. Cross immunity 
may be either of the carrier or of the 
chronic-disease type. 

IMMUNITY FOLLOWING RECOVERY FROM 
DISEASE 

Tobacco ring spot. Tobacco ring spot 
was the first virus disease of higher plants 
in which acquired immunity was demon- 
strated. The disease was first described 
by Fromme and Wingard (34) in 


but is known to have existed as early 
as 1917 in tobacco fields of Virginia. Its 
infectious nature was determined by 
Fromme, Wingard, and Priode (35). 
The causal virus is readily transmitted to 
susceptible plants by rubbing their leaves 
with a gauze pad saturated with juice 
from infected plants. Tobacco (Nicotiana 
tabacum L.) plants inoculated in this 
manner develop a characteristic type of 
lesion on inoculated leaves in about 3 
days. The primary lesion consists of 
concentric necrotic rings alternating with 
normal green tissue, hence the name, ring 
spot. In 3 or 4 more days, the virus 
spreads systemically and produces secon- 
dary lesions similar to the primary ones 
but generally larger and more irregular. 
In from ii to 35 days after inoculation, 
depending on the growth rates of infected 
plants and their age when inoculated, 
diseased tobacco plants begin to recover. 
Recovery is initiated by the development 
of leaves in which lesions are confined to 
apical portions, leaving the basal portions 
healthy in appearance. The healthy- 
appearing basal portion and the diseased 
apical portion are usually demarcated by 
irregular necrotic lines which tend to 
follow along veins and form an outline 
similar to that of an oak leaf. In sub- 
sequently produced leaves, the lesions and 
oak-leaf patterns are restricted to progres- 
sively smaller areas at the leaf tips until, 
finally, such symptoms completely fail 
to appear (Fig. i). Leaves produced 
after this stage has been reached closely 
resemble those of healthy plants but are 
slightly darker in color, somewhat 
thicker, and of a more leathery texture. 
Recovered plants appear to grow some- 
what less rapidly than healthy plants. 

Wingard (115) was the first to report 
recovery from tobacco ring spot and to 
suggest that certain plants might acquire 
immunity from this disease. He failed 
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to produce ring-spot symptoms^ on re- or development of immunity, or whatever 
covered leaves by inoculating them heav- it is, seems to hold under greenhouse con- 
ily with ring-spot virus. The recovered ditions for practically all the plants 
plants were not, however, free of virus, tested.’* Henderson and Wingard (38) 
and juice from recovered portions readily confirmed Wingard’s original observation 



Fio. 1. Lbavbs op Turkish Tobacco Illustrating Successive Stages in Recovery prom Ring Spot 
A, leaf produced early in the course of the disease, showing acute symptoms; B, to E, leaves produced later, 
showing progressively fewer symptoms; F, healthy-;mpcaring leaf produced still later after the plant had re- 
covered. (After Price, 76.) (Photograph by L. P. Flory.) 

produced typical ring-spot symptoms and reported further that the symptoms 
when used to inoculate healthy plants, remained “masked” for a period of a year 
Wingard transmitted the disease to plants in tobacco plants grown through several 
of 38 genera in 17 different families and generations by cuttings from recovered 
reported that “this masking of symptoms, plants. 
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The observation of Wingard was of 
considerable importance to plant path- 
ology since here, for the first time, was 
definite evidence that plants might ac- 
quire immunity from disease — something 
hitherto regarded as unlikely by most 
plant pathologists. On the other hand, 
it was possible to explain his observation 
on the basis of masking of symptoms. 
Masking occurs when plants are grown 
under conditions unfavorable for symptom 
expression, the symptoms reappearing 
when the conditions become favorable. 
It had previously been observed for other 
virus diseases (36, 50, 10). 

Price (76) therefore made a special study 
of tobacco ring spot in order to determine 
whether the condition reported by Win- 
gard really was acquired immunity or 
whether it was merely masking of symp- 
toms. He was able to confirm the ob- 
servations previously reported that to- 
bacco and certain other species of plants 
invariably recover from tobacco ring spot, 
that the healthy-api'>earing leaves of 
recovered plants carry the virus, and that 
they cannot be induced to produce symp- 
toms by reinoculation. He showed fur- 
ther that this recovery and immunity to 
reinfection takes place under a wide range 
of environmental conditions and that it 
is entirely distinct from the masking of 
symptoms that occurs in the case of a few 
other virus diseases under certain en- 
vironmental conditions. Plants grown 
under favorable environmental conditions 
from cuttings of recovered plants were 
repeatedly inoculated with ring-spot virus, 
but in no case did symptoms develop, 
whereas plants grown from cuttings of 
healthy plants and treated in exactly the 
same manner invariably came down with 
the disease (Fig. i). Acquired immunity 
was thus demonstrated for 4 species of 
Nicotiana and for 10 varieties of N. 


tahacum. It was concluded that the 
phenomenon observed constituted an ac- 
quired immunity similar to that which 
obtains in the case of many virus diseases 
of animals. 

Valleau (no, in) concluded that 
tobacco plants do not recover and do not 
acquire immunity from tobacco ring-spot 
disease. He maintained that symptoms 
are produced only when the growing 
point of the plant has not been completely 
invaded by virus, that leaves developed 
subsequent to invasion are parasitized 
although patternless, and that inoculation 
of patternless leaves is without effect 
since the cells arc already parasitized to 
the limit (presumably the same limit as 
the cells of diseased plants). 

Studies by Price (80) on virus concen- 
tration in recovered plants led to the con- 
clusion that cells of recovered plants are 
not parasitized to the limit, as Valleau 
had suggested. It was demonstrated that 
virus multiplies in the cells of recovered 
plants but not to the same extent as in 
recently infected plants grown under the 
same conditions. The recovered portions 
of affected plants were found to contain, 
on the average, only from 10 to 10 per 
cent as much virus as the diseased portions 
of the same plants. It should be men- 
tioned in this connection that Stanley 
(98) isolated a virus protein from re- 
covered plants apparently identical with 
that obtained from diseased plants, but 
it was present in only ^ the amount. The 
line of demarcation between areas of high 
and low virus titer is very sharp. The 
healthy-appearing basal portions of partly 
recovered leaves contain significantly less 
virus than the diseased apical portions of 
the same leaves (80). No differences were 
found between apical and basal portions of 
either fully recovered or fully diseased 
leaves. The virus concentration of re- 
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covered leaves was not apparently in- 
creased by inoculating them heavily 
with ring-spot virus. The observations 
reported suggest that there is a mechan- 
ism by means of which recovered plants 
restrict the multiplication of ring-spot 
virus, a mechanism not possessed by 
healthy or recently infected plants. 

In discussing the meaning of acquired 
immunity, it was stated that the resistance 
acquired must be specific. Acquired im- 


those causing Valleau’s (109) green and 
yellow ring-spot diseases. 

Tobacco ring spot No. 2. A second virus 
disease from which plants recover and 
acquire immunity is tobacco ring spot 
No. 1, first described by Price (81). The 
virus concerned is readily transmitted by 
mechanical inoculation and induces, in 
Turkish tobacco, primary and secondary 
zonate necrotic lesions similar to those 
of ordinary tobacco ring spot. Sys- 



FlO. 1. NiCOTIANA TADACUM VAR. PURPUREA l6 DaYB AFTER IncKULATION WITH RiNG-SpOT VlRUS 

The plant on the left, which shows no symptoms other than the injury produced by rubbing, was grown 
from a cutting of a plant that had recovered from ring spot. The plant on the right, which shows typical symp- 
toms, was grown from a cutting of a healthy plant. ^After Price, 76.) (Pbotograph by L. P. Flory.) 


munity from tobacco ring spot meets this 
criterion, since tobacco plants that have 
recovered from ring spot are susceptible 
to infection by tobacco-mosaic, cucumber- 
mosaic, potato vein-banding, potato ring- 
spot, tomato spotted-wilt, etch, and 
severe-ctch viruses and, no doubt, to all 
other tobacco viruses that are not closely 
related to ring-spot virus (81). They are 
immune from or highly resistant to in- 
fection by closely related viruses such as 


temically infected tobacco plants show 
recovery characterized by the develop- 
ment of zonate oak-leaf patterns, and by 
the eventual production of leaves that 
arc entirely symptomlcss. Leaves of re- 
covered plants harbor the virus of the 
disease in considerable quantity and they 
do not develop necrotic-ring symptoms 
upon rcinoculation even when borne on 
rapidly growing plants propagated by 
means of cuttings from recovered plants. 
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Plants that have recovered from tobacco 
ring spot No. 2. are solidly immune from 
this disease but are susceptible to infection 
by viruses of ordinary tobacco ring spot, 
including the green and yellow strains, and 
by the viruses of tobacco mosaic, cucumber 
mosaic, potato vein banding, potato ring 
spot, tomato spotted wilt, etch, and 
severe etch. Conversely, plants that have 
recovered and are immune from ordinary 
tobacco ring spot, or the green or yellow 
form of the disease, are readily susceptible 
to tobacco ring spot No. x. This observa- 
tion affords an excellent example of the 
specificity of acquired immunity from 
these plant virus diseases. 

Tobacco streak. Tobacco-streak disease, 
first described by Johnson (53), has been 
known for at least 18 years. It is trans- 
mitted readily by mechanical inoculation. 
The symptoms of tobacco streak consist 
of necrotic lesions confined entirely to 
the leaves. The lesions may be either 
solid necrotic spots, necrotic rings, or 
necrotic etch-like patterns following along 
the veins. After systemic invasion, to- 
bacco plants infected with the disease 
invariably recover by the production of 
new leaves that do not show necrotic 
symptoms. Recovered plants carry the 
virus of tobacco streak and occasionally 
show clearing-of-veins and mild mottling. 
The recovery apparently bears no relation 
to the external environmental conditions. 
Reinoculation of recovered plants, in 
contrast to inoculation of healthy con- 
trols, fails to produce an attack of the 
necrosis. Plants that have recovered from 
tobacco streak arc susceptible to infection 
with tobacco-mosaic, cucumber-mosaic, 
tobacco ring-spot, potato ring-spot, 
potato-mottle, and potato vein-banding 
viruses. Conversely, plants infected with 
these viruses are still susceptible to in- 
fection with tobacco-streak virus (54). 

In his first report on tobacco streak. 


lohnson (53) suggested that the recovery 
and subsequent immunity to the typical 
disease constituted acquired resistance. 
After making a thorough study of re- 
covery from tobacco streak, he (54) came 
to the conclusion that the phenomenon 
was a good example of acquired im- 
munity from a plant virus disease, and 
suggested that artificial immunization 
might be used as a practical control 
measure for virus diseases of vegetatively 
propagated plants. 

Bergerac ring spot of tobacco. A fourth 
virus disease from which plants recover 
and probably acquire immunity is Bergerac 
ring spot of tobacco. The causative 
virus was isolated at Bergerac in south- 
western France by Smith (96, pp. 2.85 
2.89). Tobacco plants affected by the 
disease show typical ring-spot symptoms 
from which they eventually recover, al- 
though they still carry virus. Thus, the 
recovery is similar to that which occurs 
in the other ring-spot diseases and in 
tobacco streak. Smith states that no 
cross immunity exists between Bergerac 
ring spot, tobacco ring spot, and tobacco 
ring spot No. l. He thus implies that 
plants recovered from Bergerac ring spot 
are immune from a second attack of this 
disease, although he does not specifically 
state this to be the case. 

Sugar-beet curly top. The four virus 
diseases so far considered are similar in 
producing necrotic ring-spot symptoms. 
Sugar-beet curly top, on the other hand, 
is a yellows-type disease characterized by 
yellowing without the production of 
discrete lesions. The report by Lesley 
and Wallace (66) that certain races of 
tomato QLycopersicon esculentum Mill, and 
L. pimpinellifolium Mill.) recover and 
acquire immunity from curly top is there- 
fore of considerable interest. This im 
munity is not of so high an order as in 
the ring-spot and streak diseases. In- 
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fcctcd plants do not always recover; those 
that recover occasionally show a relapse, 
and they may, in a few instances, develop 
severe symptoms when rcinoculated. 

Young tomato plants infected with 
curly top late in spring develop the 
disease in about ii days. The leaves 
become rolled, growth is stunted, flowers 
and buds drop, the fruit colors pre- 
maturely, and the plant as a whole as- 
sumes a sulphur-yellow color. As a rule 
the infected plant dies. However, in 
certain races of tomato, from lo to loo 
per cent of infected plants recover from 
the disease by production of healthy- 
appcaring shoots from axillary buds. 
When propagated vetetatively by cuttings, 
recovered plants are relatively slow- 
growing and have other mild symptoms of 
disease. Reinoculation of such plants 
fails as a rule to produce any further 
symptoms in them in contrast to the 
severe symptoms produced in healthy 
plants propagated from cuttings. No 
attempts have as yet been made to de- 
termine whether the immunity is specific 
for the curly-top disease. It [perhaps 
should be stated that Lesley and Wallace 
referred to recovery from curly top in 
tomato as acquired tolerance, not as 
acquired immunity. (See the section on 
“The meaning of acquired immunity.”) 

Potato yellow dwarf. Another virus di- 
sease from which certain species of plants 
recover and acquire immunity is yellow 
dwarf of potato. Black (ii) has em- 
phasized that there are two distinct 
phases of the disease in potato (Solanum 
tuberosum L.), an acute stage and a chronic 
stage. Symptoms of the acute stage have 
been described in detail by Barrus and 
Chupp (4). The dwarfed condition of 
affected plants and their yellow color give 
the disease its name. Infected stalks arc 
short, become yellowish green in color 
throughout, and develop internal and 


and external necrosis. The growing tip 
becomes yellowed and necrotic and dies; 
axillary buds also die, but somewhat 
later. Tubers produced by diseased plants 
show various degrees of internal necrosis 
and arc knobby and cracked. The few 
plants grown by Barrus and Chupp from 
diseased tubers showed symptoms similar 
to those which Black (ix) attributes to 
the chronic stage of yellow dwarf. The 
chronic stage is found in plants that have 
recovered by production of new growth 
from axillary buds (Fig. 3). Such new 
growth, besides being somewhat dwarfed 
and spindling, also shows clearing-of- 
vcins and a mild mottling. However, 
the uppermost leaves do not yellow and 
die as in the acute stage. Recovered 
plants, furthermore, do not develop the 
severe internal apical necrosis charac- 
teristic of the onset of the disease. Re- 
covered plants have been grown through 
five vegetative generations without again 
developing acute symptoms of yellow 
dwarf. Recovery from yellow dwarf oc- 
curs regularly and is not due to sj'iccial 
environmental conditions or to attenua- 
tion of virus. Although Black did not 
specifically refer to this recovery as 
acquired immunity, he pointed out that 
the pathogenic activity of the virus was 
checked by a change within the plant. 
It is clear that he believed an increased 
degree of resistance was elicited. A 
similar type of recovery was observed in 
medium red clover (Tri folium pratense L.) 
and crimson clover (T. mcamatum L.) 
plants infected with potato yellow dwarf 

Oi. 13)- 

Other diseases. There may be many 
other diseases, besides those already 
mentioned, in which plants normally 
recover and become immune from a further 
attack. Johnson (54) has, in fact, sug- 
gested that the presence of potato ring- 
spot and potato-mottle viruses in all 
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standard varieties of American potatoes 
without the production of symptoms may 
be due to an acquired immunity on the 
part of the potato. Before this con- 
clusion can be accepted, it will be neces- 
sary to determine whether potatoes in- 
fected with the virus for the first time 
develop a disease from which they later 


instance, Nishimura ( 73 ) reported Phy salts 
alkekengt L. to be a masked carrier of 
tobacco-mosaic virus. However, as 
pointed out by Holmes (42.)> alkekengt 
occasionally shows mottling symptoms. 
In the tip leaves of symptomless plants, 
virus, if not completely absent, is present 
only in low concentration, but in mottled 



Fio. 3. A Green Mountain Potato Plant Infected with Yellow Dwarf 
The main axis shows severe symptoms of the acute stage. The axillary shoot shows progressive recovery 
to the chronic stage. (After Black, 11.) (Photograph by W. R. Fisher.; 


recover. For it is possible that infection 
of the original potato stock resulted in 
no symptoms whatever. There are num- 
erous instances of plants being infected by 
viruses without the production of symp- 
toms. Such plants are usually referred 
to as “masked” or “symptomless” car- 
riers. They may not remain symptomlcss 
under all environmental conditions. For 


leaves is present in high concentration. 
This implies that failure to produce symp- 
toms results from a failure of virus to 
multiply extensively in very young grow- 
ing tissues. 

Tomato plants inoculated with the Y 
virus develop clearing-of-veins and other 
mild symptoms of disease. The mild 
symptoms rapidly disappear and the plant 
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then carries the virus without showing 
further symptoms (90). Smith (91) com- 
pared the recovery from the disease pro- 
duced by potato-Y virus with that which 
occurs in tobacco plants infected with 
ring-spot virus and suggested that it 
constituted acquired immunity though 
not in the usual conception of the term. 
There are a number of other virus diseases 
from which certain species of plants show 
a similar type of recovery. Kohler (57) 
described such recovery in tobacco plants 
infected with a mixture of potato X and 
Y viruses. Whether such cases as the two 
here mentioned can properly be regarded 
as acquired immunity is open to question 
and must await further study. At the 
present time it is not known whether 
the recovery is more than a masking of 
symptoms brought about by aging of the 
host plant. 

Symptoms of certain virus diseases, 
such as tobacco mosaic and cucumber 
mosaic in tobacco, arc at first severe, but 
the onset stage of the disease is followed 
by the production of a whorl of leaves 
that arc feither healthy in appearance or 
show only mild symptoms. The escajx 
of these leaves may be due cither to slow 
spread of virus or to a change in suscepti- 
bility of the host tissue. If it is an 
immune reaction, it is of a relatively low 
order, since subsequently produced leaves 
show mottling symptoms and the re- 
covery is thus only a temporary one. 
Comparison of virus concentration in the 
leaves produced before and after the 
recovery might reveal whether or not 
the virus activity is checked and might 
thus be of value in arriving at an under- 
standing of this phenomenon. 

CROSS IMMUNITY 

Virus strains. Before taking up in 
detail the second type of acquired im- 
munity from plant virus diseases, it might 


be well to digress for a moment to ex- 
amine what is meant by virus strains and 
how they arise. In the early days of 
plant virus research, it was a common 
belief that one virus was the cause of 
many, if not all, virus diseases of plants — 
that there was one mosaic disease that 
attacked a great variety of plants. Thus, 
as late as 1915, Elmer (32.) spoke of trans- 
missibility and pathological effects of the 
mosaic disease as though there were only 
one such disease. As new experimental 
evidence became available, however, it 
came to be recognized that more than one 
virus was involved in the many mosaic 
diseases of plants; that, for example, 
tobacco mosaic would attack certain 
plants but not others; and that these 
others were often affected by mosaic 
diseases that differed from tobacco mosaic. 
This recognition led to a search for new 
viruses and to a propensity among phyto- 
pathologists to ascribe a new virus to 
each new virus disease discovered. Thus 
there developed a tendency for differentiat- 
ing between viruses on minor symptom or 
host range differences— and this tendency 
persists to a limited extent even to the 
present day. Gradually, however, it was 
realized that there are groups of viruses, 
each markedly different from other groups 
but made up of strains very much alike in 
some respects and differing slightly in 
others. At first, viruses were grouped 
on the basis of their physical properties, 
such as resistance to heat, aging, and 
various chemicals, their host range, and 
their transmission by insect vectors. 
Although it' is still necessary to use such 
criteria for differentiating and classifying 
many plant viruses, more exact methods 
are available for others. Two of the most 
important methods in use today are the 
serological method developed by Dvorak 
(x9), Beale (7), Matsumoto (68), Silber- 
schmidt (89), Birkeland (ii), Chester 
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(lo), and others, and the plant cross im- 
munity tests which will be dealt with 
below in considerable detail. 

Virus strains belonging to various 
groups have been recognized in nature 
and have also been obtained under ex- 
perimentally controlled conditions. For 
instance, attenuated strains of sugar-beet 
curly-top virus have been secured by 
passage of the virus through resistant 
varieties of sugar beets or through re- 
sistant weed hosts (17, 18, 64, 65) and 
attentuated strains of tobacco-mosaic virus 
by incubation in host tissues at relatively 
high temperatures (51, 43, 58). Mild 
strains of aster-yellows virus were isolated 
from the insect vector when colonies of 
the vector were maintained at high 
temperatures (61, 61). Various strains of 
tobacco-mosaic virus have been isolated 
from bright yellow spots that appear in 
tomato plants infected with, ordinary 
tobacco mosaic. (McKinney (69) was 
the first to show that yellow-mosaic 
viruses may be isolated by subinoculation 
from yellow spots, and he (70) suggested 
the possibility that these viruses arise 
by mutation from the ordinary strain. 
He (71) also found that a yellow-mosaic 
virus may be obtained in a similar manner 
from wheat (Triticum aesfivum L.) plants 
infected with ordinaiy wheat mosaic. 
Jensen (46, 47) found that variant strains 
arise during multiplication of ordinary 
tobacco-mosaic virus in infected plants, 
apparently by a process similar to muta- 
tion. Virus of tobacco mosaic freed from 
all other viruses by serial passage through 
the necrotic primary lesions it produces in 
Nicotiana glutinosa L. subsequently gave 
rise to variant strains when transmitted to 
plants in which it became systemic. 
Virus purified by several other methods 
was likewise found eventually to produce 
mutant strains. A total of 51 such 
strains were isolated and studied by 


Jensen (46, 47, 48). The number has 
been considerably augmented by later 
studies (44, 74). 

It is probable that mutations occur not 
only in tobacco-mosaic virus but also in 
most if not all, plant viruses. They have 
been shown to occur, for instance, in 
cucumber-mosaic virus (77, 39). It thus 
seems likely that many of the virus strains 
existing in nature have arisen, at some 
time in the past, by mutation from some 
other virus and that these virus strains 
may be classified into groups the members 
of each of which arc genetically re- 
lated C59). ' 

Demonsttation of cross immunity. The 
first indication that one strain of a virus 
might protect plants from infection with 
another strain was an observation by 
McKinney (70) in 192.9. He found that 
when tobacco plants infected with a 
light-grecn-mosaic virus were inoculated 
with a yellow-mosaic virus, no change in 
symptoms occurred. However, plants in- 
fected with a mild-dark-green-mosaic virus 
developed yellow-mosaic symptoms when 
inoculated with the same yellbw-mosaic 
virus. It appears unlikely that McKinney 
regarded the protection by the light-grcen- 
mosaic virus as acquired immunity, for 
he merely mentioned the experiment 
casually and did not report any further 
study of the matter. Later writers were 
apparently unaware of McKinney’s obser- 
vation, as no further reference to it has 
been found in the literature. 

From ordinary tobacco-mosaic virus, 
Thung (104) isolated a yellow-mosaic 
virus similar to McKinney’s (70) yellow- 
mosaic virus and Johnson’s (51) tobacco 
virus 6. Plants infected with ordinary 
mosaic developed no change in symptoms 
when inoculated with the yellow-mosaic 
virus. Similarly, plants infected with 
yellow mosaic developed no change in 
symptoms when inoculated with the 
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ordinary mosaic virus. Moreover, only 
one virus could be isolated from the 
doubly inoculated plants, the one first 
introduced. These results led Thung to 
conclude that only one of the two virus 
strains could multiply extensively in any 
given cell. 

Following Thung’s original studies, 
Salaman (85) made similar experiments 
with strains of the potato-X virus. By 
subinoculating from green and yellow 
areas, respectively, of a tobacco leaf 
affected by the X virus, he obtained two 
strains— an exceedingly mild type (G) 
and a severe yellow type (L). Plants 
infected with the mild G type, whether 
showing definite symptoms or not, were 
protected from subsequent infection with 
the severe L-type virus. Salaman con- 
cluded that plants with the L strain had 
acquired immunity from the G strain. 
The immunity developed on the 5th day 
after inoculation and about 4 or 5 days 
before systemic symptoms of the G strain 
appeared. It seemed to be specific, since 
it was effective against other strains of the 
X virus but not against the potato-Y 
virus or the common tobacco-mosaic 
virus. 

Oortwijn Dot jes (75) showed that plants 
of certain potato varieties infected with 
either secondary top necrosis or attenu- 
ated top necrosis arc, as a rule, protected 
against primary top necrosis, a more 
virulent disease. The viruses concerned 
in this work are probably identical with, 
or closely related to, those used by 
Salaman (85), since it is stated by Oort- 
wijn Botjes that the virus of top necrosis 
is known in America as the healthy- 
potato virus which in turn is known to 
be the same as, or a strain of, the X virus 
of English workers. The results of 
Oortwijn Botjes and Salaman were con- 
firmed by Kohler (57) who reported that 
both tobacco and potato infected with one 


strain of potato-X virus were protected 
from infection with another strain of 
potato-X but not from infection with 
potato-Y virus. 

Kunkel (58) made a thorough study of 
acquired immunity with tobacco- and 
aucuba-mosaic viruses in Nicotiana syl- 
vestris Spegaz. and Comes. In many 
tests, mature mottled leaves of plants 
systemically infected with ordinary to- 
bacco-mosaic virus or with either of two 
attenuated strains of aucuba-mosaic virus 
were immune from a necrotic-type aucuba- 
mosaic virus. The protection afforded 
was very striking, since control plants 
inoculated with aucuba-mosaic virus came 
down with numerous necrotic lesions, 
whereas no such lesions developed in 
mottled leaves. Subinoculations from 
mottled leaves that were rubbed with 
aucuba-mosaic virus failed to demonstrate 
the presence of the necrotic-type virus. 
Mature leaves became immune from au- 
cuba-mosaic virus within i days after 
they had been rubbed with attenuated 
virus (Fig. 4). In order to protect com- 
pletely against aucuba-mosaic virus, it 
was necessary to inoculate heavily with 
attenuated virus so that all parts of the 
leaves became infected. No evidence was 
obtained that tissues free of virus, whether 
or not adjacent to virus-infected tissues, 
became immune. However, local pro- 
tection was not confined to cells actually 
inoculated; inoculation of the lower sur- 
face of a leaf was capable of protecting 
the leaf from infection by a subsequent 
inoculation of the upper surface, although 
5 cell layers intervene between the upper 
and lower epidermal cells. Acquired im- 
munity from aucuba mosaic is specific. 
Protection was afforded by previous in- 
fection with all strains of tobacco- and 
aucuba-mosaic viruses tested, but not by 
previous infection with cucumber-mosaic 
or tobacco ring-spot viruses. 
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Interesting examples of acquired im- 
munity from strains of tobacco-mosaic 
virus have recently been reported by 
Kunkel (63). A mild strain of tobacco- 
mosaic virus, designated as V-9, was used 
to immunize Nicotiana sylvestris plants 
completely from a lethal strain, J-m, 
which invariably causes the death of 
unprotected N. sylvestris plants. Strain 
V-9 was also used to immunize tomato 
plants from infection with strain J-I4D, 
a virus which quickly kills normal tomato 


that mottled leaves of plants infected with 
any one of 4 different strains of cucumber- 
mosaic virus became immune from infec- 
tion with a necrotic-type strain. They 
were, however, susceptible to a necrotic- 
type tobacco-mosaic virus. Furthermore, 
zinnia plants infected with tobacco mo- 
saic, aucuba-mosaic, tobacco ring-spot, 
yellow-ring-spot, or scvere-etch virus did 
not acquire immunity from the necrotic- 
type cucumber-mosaic virus. The im- 
munity induced in zinnia by cucumber- 



Fig. 4. Leaves of Nicotiana sylvestris Showing Necrotic Lesions Produced by Aucuba-Mosaic Virus 
The Icsion-frcc areas were immunized by inoculating them heavily with tobacco-mosaic virus 5 days before 
the entire leaf surfaces were rubbed with aucuba-mosaic virus. (After Kunkel, 58.) (Photograph by J. A. 
Carlilc.) 


plants to which it is transmitted. In- 
terestingly enough, tomato plants were 
saved from death or serious injury when 
they were inoculated with the protecting 
virus, V-9, within 3 days after they had 
become infected by J14D. They could 
not be saved in this manner if they had 
been infected with the lethal virus for 
longer than 3 days. 

Acquired immunity of Zinnia elegans 
Jacq. from cucumber mosaic has been 
studied by Price (78). It was found 


mosaic virus was thus shown to be highly 
specific. 

The cross immunity reactions discussed 
so far have been concerned with viruses 
readily transmitted by mechanical in- 
oculation. The immunological studies 
by Kunkel (60) on the yellows, rosette, 
and little-peach diseases of peach QPrunus 
persica Sieb. and Zucc.) are of special in- 
terest because these diseases are trans- 
mitted only by insects or by grafting. 
All 3 diseases cause stunting, the abnormal 
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production of secondary shoots, and 
yellowing of mature leaves. Little peach 
is the least severe of the }, rosette the 
most severe. Kunkel has shown that 
peach trees having the little-peach disease 
are solidly immune from yellows. Simi- 
larly, trees infected with yellows arc 


to a tree affected by little peach and 
allowed to grow, the bud not only failed 
to transmit the yellows disease but also 
produced shoots which invariably came 
down with little peach. Similarly, little- 
peach buds transplanted to yellows trees 
produced shoots which developed yellows. 



Fio. 5. Pbach Trbb Shoots That Grew from Transplanted Buds 
The shoot on the left was from a yellows bud that grew in a little-peach tree; it shows the mild leaf dis- 
tortion symptoms characteristic of little peach. The shoot on the right was from a little-peach bud that grew 
in a yellows tree; it shows characteristic yellows symptoms. Both shoots have developed symptoms of the 
disease present in the tree regardless of the virus carried in the bud. (After Kunkel, 60.) (Photograph by 
J. A. Carlile.) 


immune from little peach. On the other 
hand, trees having cither yellows or little 
peach arc fully susceptible to rosette. 
All the immunity tests were made by 
insertion of one or more diseased buds into 
the stem of the tree to be tested. When 
a bud from a yellows tree was transplanted 


In other words, shoots from the trans- 
planted bud developed the symptoms of 
the disease present in the stock, regardless 
of the virus carried in the bud (Fig. 5). 
Similar results were obtained even though 
the transplanted buds were removed from 
the diseased tree before they produced 
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shoots and were transferred to a healthy 
tree. When little-peach and yellows buds 
were inserted simultaneously at different 
levels into stems of healthy trees, the 
trees developed symptoms of the virus 
carried by the bud at the higher level. 
These results led Kunkel to suggest that 
under suitable conditions either the yel- 
lows or little-peach virus is capable of 
displacing the other in infected tissues. 
The means by which the displacement 
takes place is not known. Kunkel states 
that it apparently cannot be due to mass 
action, since approximately equal doses 
of the viruses arc involved when two 
buds are transplanted to a tree on the same 
date. 

Use of plant protection tests in differentiation 
and classification 

The cross immunity reaction is ex- 
tremely useful for differentiating and 
classifying plant viruses. It has been 
used for classifying viruses belonging in 
the potato-X virus group (85, 75, i, 54), 
the tobacco-mosaic virus group (104, 105, 
58, 93, 16), the cucumber-mosaic virus 
group (78), the tobacco ring-spot virus 
group (81), and the potato-Y virus group 
(87), among others. Price (81) used it to 
differentiate between tobacco ring spot 
No. X and other viruses. Immunity 
studies by Kunkel (60) showed that peach- 
yellows and little-peach viruses are 
related to each other but not to peach- 
rosette virus. 

Bawden (5) found that potato-X virus 
and potato-D virus, which causes foliar 
necrosis in the potato, usually gave 
complete cross protection in tobacco, 
potato, and Datura stramonium L. He 
was thus led to suggest that potato-D 
virus might be classified in the potato-X 
virus group. 

The mosaic disease of celery QApium 
graveolens L.) first observed in Florida 
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about 192.4 (33) and later studied exten- 
sively (2.7, i8. III, 1 13, 1 1 4) was thought 
to be distinct from, although similar to, 
ordinary cucumber-mosaic virus. Cross 
protection tests with southern-celery- 
mosaic virus in Zinnia elegans showed it to 
belong to the cucumber-mosaic virus 
group, a fact confirmed later by other 
lines of evidence (79). 

The lily-mosaic disease has been known 
since the turn of the century (99) and wafe 
probably introduced into Bermuda about 
1893 (116) where it caused a rapid decline 
in the lily (Lilium spp.) industry of the 
island. Cross protection tests have shown 
this disease to be induced by a virus be- 
longing in the cucumber-mosaic virus 
group (81, i). However, Brierlcy (14) 
has recently brought evidence that lily 
mosaic is caused by the interaction of 
two viruses, one of which is related to 
cucumber-mosaic virus and the other is 
similar to the color-removing virus of the 
tulip-mosaic virus complex (71). 

Smith (94, 95) used plant protection 
tests as a means of differentiating between 
the virus of a new disease of tomato, now 
called bushy stunt, and the viruses of 
tobacco mosaic, tomato spotted wilt, 
tobacco ring spot, and Bergerac ring spot. 
He (96, pp. 185-2.89) also differentiated 
between the viruses of Bergerac ring spot, 
tobacco ring spot, and tobacco ring spot 
No. 1 by their failure to cross immunize. 

Bald (3) used plant protection tests for 
differentiating between an F-type potato 
virus occurring in Australia and the Y, X, 
and a mixture of X and B viruses of po- 
tato. Bawden (6) found that potato 
plants infected with the X virus were not 
protected from infection when grafted 
with scions carrying both the X and B 
viruses. He was thus led to conclude 
that the B virus is probably distinct from 
the X virus. Dennis (i6) recently sepa- 
rated the B virus from the mixture and 
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found that it gave no cross protection 
against potato-X virus in either Datura 
stramonium y potato, or toabcco. Since 
the X and B viruses have similar host 
ranges and almost identical properties 
so far as known, and since they can not 
be distinguished serologically, Dennis 
maintains that it is only because they do 
not show complete cross protection that 
they are believed to belong in different 
groups. 

Storey (loo) described a new virus of 
maize (JLta mays L.), which he calls the 
mottle virus. The results of immunity 
studies led him to conclude that the 
mottle virus is not related to the virus of 
maize-streak disease even though both 
viruses are transmitted by the same 
species of Cicadulina, 

Price (8}) made use of cross immunity 
tests to demonstrate that tobacco-necrosis 
virus, first described by Smith and Bald 
(97), is not related to tobacco ring-spot, 
tobacco ring-spot No. x, tobacco-mosaic, 
cucumber-mosaic, or scvcrc-ctch viruses. 

Dykstra (30, 31) used plant protection 
tests for differentiating between and 
classifying certain potato viruses. On the 
basis of these tests, he concluded that the 
European Y, the American vein-banding, 
and the potato stipple-streak viruses are 
interrelated, but not related to cucumber- 
mosaic virus, nor to the virus complex 
causing Di Vernon top necrosis, and that 
pseudo net-necrosis virus from Holland, 
tuber-blotch virus from Ireland, potato 
aucuba-mosaic virus, and Canada-streak 
virus are closely interrelated but not 
related to potato-calico virus. 

Virus relationships as determined by 
plant protection tests are generally in 
accord with those determined by the 
serological method (8, 9, xo, xi, X3). In 
a few instances, however, some differences 
have been observed. For example, Ches- 
ter (xx) has shown that certain viruses. 


while having antigens in common and 
known to be closely related, nevertheless 
show minor serological differences. Fur- 
thermore, Chester (X3) obtained cross- 
scfological reactions between ordinary 
tobacco ring-spot and tobacco ring-spot 
No. X viruses, whereas no such cross 
reaction has been found by means of plant 
protection tests (81). The reason for 
these differences is not clear. In the first 
case mentioned, i.e., the serological dif- 
ferences between virus strains, it would 
appear that the serological method is more 
sensitive than the plant protection 
method, whereas in the second case the 
plant protection method would seem to 
be more sensitive. Virus relationships 
based on plant protection tests also agree 
reasonably well with those determined 
by symptomatology, host range, physical 
properties, and insect vectors. 

Reliability of plant protection tests for 
determining virus relationships 

It may be asked at this point: how re- 
liable are plant protection tests for 
determining virus relationships? The evi- 
dence we have already considered favors 
the view that a plant cell infected with 
one strain of a virus cannot subsequently 
become infected with another strain of the 
same virus. It also supports the conclu- 
sion that a cell already infected will allow 
infection with, and multiplication of, 
unrelated viruses. From this it follows 
that, if one virus protects a plant from 
infection with another, the two viruses 
arc doubtlessly related, and, conversely, 
if a virus does not protect cells from 
infection with a second virus, the two arc 
probably unrelated. What, then, arc the 
possible sources of error in practical appli- 
cation of cross protection tests? The 
reliability of the method would seem to 
depend, for the most part, upon the 
accuracy with which it can be determined 
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whether or not one of the two viroses, 
whose relationship is under question, is 
able to multiply in cells already occupied 
by the other virus. The accuracy with 
which such a determination can be made 
may become clear by consideration of two 
different types of protection tests. 

The two types referred to are funda- 
mentally alike — they differ only in that 
one depends upon evidence of systemic, 
the other upon evidence of local infection. 
Let us suppose that the two viruses under 
consideration are of the mosaic type, and 
both capable of producing systemic symp- 
toms in a susceptible host. Let us assume 
further that one of the viruses is of the 
green-mosaic and the other is of the 
yellow-mosaic type. Plants are infected 
with the green-mosaic virus and allowed 
to become thoroughly mottled. They are 
then inoculated with the yellow-mosaic 
virus . If, after a suitable interval, yellow- 
mosaic symptoms have not developed in 
the infected plants but have developed in 
suitable controls inoculated with the 
same yellow-mosaic virus at the same 
time, it is reasonably safe to conclude that 
the green mosaic has protected the plant 
from infection with the yellow mosaic and 
that the two viruses arc therefore closely 
related. If, on the other hand, the plant 
develops yellow-mosaic symptoms in addi- 
tion to those of green mosaic, it is not so 
safe to conclude that the two viruses arc 
unrelated. It is possible that the yellow- 
mosaic virus may have infected the plant 
through cells not actually invaded by the 
green-mosaic virus. A number of cells 
of a mottled leaf may be virus-free, 
although the majority of cells are infected. 
For example, it has been shown (40, 37) 
that in a leaf mottled by tobacco-mosaic 
virus, the yellow areas have a high 
concentration of virus whereas the green 
areas contain relatively little virus, and 
it is presumed that some of the cells of 
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such areas are entirely free of virus. 
Such cells are probably susceptible to 
infection with another strain of tobacco- 
mosaic virus, for it has been shown by 
Kunkel (58) that only those areas actually 
invaded by a mottling strain of tobacco- 
mosaic virus are immune from infection 
with a necrotic-type strain — iminvaded 
areas are susceptible even though adjacent 
to infected tissue. Johnson and Valleau 
(49) have presented evidence to show that, 
if plant tissue is incompletely invaded by a 
mild strain of tobacco-mosaic virus, an- 
other strain of the virus can enter, mul- 
tiply, move to the incompletely invaded 
tissue of the growing point, and eventually 
produce symptoms in the tip of the plant. 
Similarly, Holmes (43) has shown that a 
masked strain of tobacco-mosaic virus 
does not protect tobacco plants from sys- 
temic infection with a distorting strain, 
although it delays movement of the dis- 
torting strain and, hence, appearance of 
systemic symptoms. Further evidence 
bearing on this point is contained in the 
report by Bawden (5) that tobacco plants 
systemically infected with potato-D virus 
occasionally developed a few necrotic 
rings when subsequently inoculated with 
potato-X virus. By subinoculation from 
such rings, the X virus was obtained free 
from the D virus. This led Bawden to 
conclude that the areas in which the X 
virus had produced symptoms contained 
none of the D virus. In the case under 
discussion, infection of virus-free areas 
with yellow mosaic could conceivably be 
followed by systemic invasion. The 
actual number of infections would not 
have to be large — two or three primary 
infections will give rise to S3r8temic 
symptoms almost, but not quite^ as 
rapidly as several hundred primary infec- 
tions (41). In plant protection tests 
based on appearance of conspicuous sys- 
temic symptoms, it may be concluded 
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that a positive protection is indicative of 
virus relationship but that negative re- 
sults are not entirely satisfactory for 
differentiating between two viruses. 

Protection tests based on evidence of 
local infection arc considerably more 
satisfactory. Multiplication at the site 
of inoculation may be detected by the 
production of yellow or necrotic primary 
lesions or by jsubinoculations to a host 
plant that will allow the two viruses under 
test to be distinguished. Both methods 
may be illustrated with tobacco- and 
aucuba-mosaic viruses in Nicofiana syl- 
Pistris (58). When a leaf thoroughly 
mottled by tobacco mosaic is inoculated 
with aucuba-mosaic virus, no lesions 
develop, but if a leaf mottled by an un- 
related virus, such as cucumber-mosaic 
virus, is likewise inoculated with aucuba- 
mosaic virus, a large number of lesions 
develop. The production of lesions is 
evidence that multiplication has occurred. 
Additional evidence that virus multiplica- 
tion has or has not occurred can be ob- 
tained by subinoculation to healthy N. 
sylvistris plants. Since tobacco-mosaic 
virus does not produce necrotic lesions 
in this plant, the development of such 
lesions indicates presence of aucuba-mosaic 
virus and the failure to develop lesions, 
absence of the virus. It is thus seen that 
plant protection tests based on evidence 
of virus multiplication at the site of 
inoculation may furnish conclusive evi- 
dence not only that two viruses are 
related but also that other viruses are 
unrelated. Such tests are therefore much 
superior to those involving only systemic 
symptoms. Since viruses that produce 
distinctive primary lesions are required 
for use in the former type of test, it would 
seem desirable to search for representative 
virus strains that possess this character- 
istic. Examples of virus groups compris- 
ing both mottling-type and necrotic-type 


viruses arc the tobacco-mosaic, cucumber- 
mosaic, and potato-X virus groups. Un- 
doubtedly, other such groups will be 
found when sufficiently exhaustive studies 
have been made. 

What has been said here need not dis- 
courage plant protection tests in virus 
groups which, so far as known, do not 
contain strains that produce readily de- 
tected primary lesions. Such tests may 
be quite useful; indeed, they have already 
proved useful in certain cases (60). It 
should be borne in mind, however, that 
failure to obtain cross protection between 
mottling-type viruses may indicate failure 
of the viruses to become completely 
systemic rather than a lack of relationship 
between them. 

THE MECHANISM INVOLVED IN ACqUIEED 
IMMUNITY FROM PLANT VIRUS 
DISEASES 

Practically nothing is known regarding 
the mechanism responsible for acquired 
immunity from plant virus diseases. Any 
theory that is suggested to explain the 
condition is, therefore, highly speculative. 
Certain hypotheses have been formulated, 
however, and it seems worthwhile to 
discuss briefly some of these suggestions. 

In recovery of tobacco plants from the 
ring-spot disease, there is apparently a 
mechanism for limiting virus production 
to a level considerably below that present 
in plants during the onset stage of the 
disease (80). Although the exact nature 
of the mechanism is unknown, the dis- 
covery of the difference in virus concen- 
tration led to the formulation of the 
following hypothesis (80). Ring-spot 
virus is able to reach its maximum con- 
centration in, and to exert its maximum 
effect upon, only those cells that are nearly 
mature at the time of invasion. Invasion 
of embryonic cells of tobacco plants is 
not accompanied by maximum increase 
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in virus nor by severe injury to the cells. 
Having once been invaded, the embryonic 
cells become adapted to the presence of 
virus and maintain an equilibrium with 
it. Symptoms are produced in tobacco 
plants just as long as the growing point 
has not been invaded. Once the em- 
bryonic cells become infected, the plant 
recovers. This hypothesis is supported 
by the fact that the onset stage of the 
disease may be prolonged or shortened by 
exposure of infected plants to good or 
poor growing conditions (76) which, 
presumably, increase or decrease the time 
required for the virus to reach the growing 
point. Whether or not the hypothesis 
is correct, it still docs not reveal the 
fundamental nature of the mechanism 
involved. 

Thung (105) has suggested that virus- 
infected plants, like animals, develop 
immuniaing substances which neutraliae 
or tend to neutralize the virus in the plant. 
Such substances have not yet been demon- 
strated. The hypothesis that they may 
play an active part in acquired immunity 
from plant virus diseases therefore awaits 
experimental proof. 

A simple explanation for cross immunity 
in plants may be based on the assumption 
that certain protoplasmic constituents, 
such as, perhaps, specific amino acids, are 
essential for virus reproduction. It is 
conceivable that one virus in a plant may 
exhaust the supply of material essential 
for reproduction of that particular virus 
and thus render the invaded cell immune 
from a closely related virus that requires 
the same material. Other unrelated 
viruses, however, might require entirely 
different materials which would not be 
utilized by the first virus. The cell would, 
therefore, still be just as susceptible as a 
virus-free one. Essentially this hypoth- 
esis was suggested as a possibility by 
Kunkel (58), by Kohler (57), by Bawden 


(5), and by Salaman (86). While the 
hypothesis may serve to explain the 
chronic-disease type of acquired immimity, 
it does not explain the carrier type in 
which the virus concentration of recovered 
tissue is considerably lower than that of 
diseased tissue; it must be inferred that, 
in this type, either the essential material 
has not been entirely used up or its produc- 
tion by recovered plants has been sharply 
curtailed. Furthermore, it has b^ 
pointed out by Kunkel (58) that, although 
the dark green areas of leaves mottled by 
tobacco mosaic contain less virus than the 
yellow areas, they are nevertheless im- 
mune from aucuba mosaic. 

It seems apparent that present theories 
are inadequate to account for acquired 
immunity from plant virus diseases. It 
is possible that some mechanism entirely 
different from those mentioned is involved. 
A satisfactory solution to the problem 
must await further discoveries in plant 
virus immunity. 

COMPARISON OF ACQUIRED IMMUNITY IN 
PLANT AND ANIMAL VIRUS DISEASES 

Plants have not been shown to acquire 
passive immunity from virus diseases. 
The reasons for this seem fairly obvious. 
In the first place, plants are not known to 
develop antibodies or immunizing sub- 
stances against viruses. Moreover, even 
if such substances were known, the 
absence in plants of a circulatory system 
comparable to that of animals would seem 
to make it extremely difficult if not im- 
possible to obtain thorough spread of 
such substances from a single injection 
in healthy plants. The role of antibodies 
in animal virus acquired immunity is not 
well understood. It is possible that their 
function is only secondary, since an animal 
may show a solid immunity in the absence 
of demonstrable antibodies or may be 
susceptible in the presence of large 
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amounts of antibodies (nS)* appar- 
ent absence of antibodies in plant virus 
immunity should not, therefore, neces- 
sarily distinguish between acquired 
immunity in plant and animal virus 
diseases. 

Acquired immunity from plant virus 
diseases is, so far as known, of the non- 
sterile type. In a number of virus diseases 
of animals, acquired immunity following 
recovery from disease is accompanied by 
apparent disappearance of the disease 
agent; at least in some diseases the virus 
has not been detected in recovered animals 
by ordinary methods. Retention of virus 
in plant tissues that have become immune 
from virus diseases indicates that the 
immunity is cellular rather than humoral. 
Because it appears to be cellular, Salaman 
(86) suggested that its nature is essentially 
different from that exhibited by animals. 
This may, indeed, be true. However, a 
distinction made solely on the basis of 
retention of virus is apt to be misleading, 
for there arc many cases of non-stcrilc 
acquired immunity in animal diseases. 
For example. Cole and Kuttner (24) were 
able to obtain virus from the submaxillary 
glands of guinea pigs that were immune 
from the effects of the virus introduced 
elsewhere in their bodies and to show that 
the same virus was often lethal for guinea 
pigs that had not previously been infected. 
Koch (56) showed that virus was present 
in the blood of horses as long as 7 years 
after an attack of infectious anemia. In 
this case, recovered horses are not com- 
pletely immune, since they may sometimes 
suffer a relapse. Thciler (103) has re- 
ported that horses frequently carry virus 
of African horse-sickness for as long as 90 
days after recovery. In contagious epi- 
thelioma of fowls, virus can be obtained 
from certain organs as long as 4 weeks 
after complete recovery from the skin 
eruption, although the recovered birds 


have a strong active immunity to cuta- 
neous infection (67, 88). 

It has been shown by Traub (107, 108) 
that mice clinically recovered from 
choriomeningitis frequently carry virus 
in their blood for several weeks or months. 
Such mice have a high degree of immunity, 
while mice that have never had the disease 
arc always killed by intracerebral injec- 
tion of choriomeningitis virus . Clinically 
recovered mice no longer carrying detect- 
able amounts of virus in the blood often 
show an incomplete immunity to intra- 
cerebral injection. Traub concludes that 
the immunity of carrier mice probably is 
not due to protective antibodies but that 
it may be tied up in some manner with 
infected tissues. 

According* to Zinsser, Enders, and 
Fothcrgill (118), it is probable that, in 
individuals who have recovered from 
herpes and have acquired a general im- 
munity from the disease, the virus remains 
latent in special tissues and gives rise to 
another attack following injury to certain 
body cells. Other instances, cited by 
Zinsser, Enders, and Fothergill, of reten- 
tion of virus in immune animals are foot- 
and-mouth-disease virus in hoofs of 
recovered cattle, poliomyelitis virus in the 
nasal secretions of a child after recovery 
from a second attack, virus 3 in a trans- 
planted neoplasm and metastases there- 
from in a rabbit that had become immune, 
vaccinia virus in a rabbit zz days after 
establishment of cutaneous immunity, 
and spontaneous-encephalitis virus in the 
cords of mice almost a year after recovery. 

Recovery from diseases produced in man 
and lower animals by filterable viruses is, 
in many diseases, followed by lasting 
immunity. Because the immunity is last- 
ing, the possibility that it is associated 
with the persistence of virus has been 
suggested (84, 1 17, 1 18). The failure to 
demonstrate virus after recovery from 
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some virus diseases may be due to the 
presence of antibodies that render the 
virus noninfeaious. That such might 
be the case is suggested by the tendency of 
virus to disappear from the blood of rhesus 
monkeys infected with yellow fever long 
before the disease has run its course. 
According to Hudson and Philip (45), 
virus may be detected in infected monkeys 
within IX hours after inoculation and is 
present in high concentration up to the 
5th day following infection. Beginning 
on the 5 th day, the virus decreases in 
concentration, and it may completely 
disappear from the blood stream a day or 
more before the monkey dies from a fatal 
infection. It appears unlikely that virus 
actually disappears from the blood before 
termination of the disease. It seems more 
likely that virus is still present but is 
neutralized by antibodies that have devel- 
oped as a result of the infection. This 
view is supported by the fact that monkeys 
inoculated with as much as 5.0 cc. of 
blood from a 5-day or older case of yellow 
fever developed mild symptoms and re- 
covered, whereas monkeys inoculated 
with only 0.5 cc. of the same blood 
succumbed to a fatal attack, thus suggest- 
ing that sufficient antibodies were present 
in 5 cc. of blood to partially immunize 
the monkeys against yellow fever. 

The situation in equine encephalomyeli- 
tis seems to be somewhat similar to that 
in yellow fever. Although virus may be 
readily detected during the febrile period, 
it has never been demonstrated in the 
blood of horses showing symptoms of the 
disease. TenBroeck, Hurst, and Traub 
(lox) measured the virus titer in the 
blood stream of an experimentally infected 
horse. The virus reached its highest 
level 3 days before definite symptoms were 
evident, decreased rapidly, and could 
not be detected 2.4 hours before symptoms 
appeared or thereafter. These workers 


cite evidence for their belief that this 
behavior is typical for field cases of the 
disease. 

In view of the facts that have been stated 
above, there appears to be little reason 
for assuming that acquired immunity from 
plant virus diseases is fundamentally 
diflferent from that which obtains in 
animal virus diseases. Whether or not 
such a difference exists can not be told 
until more is learned of the fundamental 
nature of the condition in both animals 
and plants. Some workers (91, 57) have 
suggested that the term “acquired toler- 
ance’* would be more appropriate than 
the term “acquired immunity” in con- 
nection with the phenomena observed in 
certain plant virus diseases. There is 
considerable justification for such a view- 
point. The same suggestion might be 
made for the many incomplete immunities 
induced in animals. There seems to be 
no good reason for setting acquired 
immunity in plants apart from acquired 
immunity in animals, apd it is therefore 
felt that the latter term should be retained, 
at least for the present. 

SUMMARY 

The evidence reviewed in this paper 
supports the conclusion that actively 
acquired immunity from plant virus dis- 
eases has been satisfactorily demonstrated. 
In contrast, passively acquired immunity 
has not been demonstrated. Immunity 
that follows recovery from certain plant 
virus diseases is of the carrier type. Cross 
immunity, or the inhibition of virus 
development in a plant cell already in- 
fected with a closely related virus, may be 
either of the carrier or chronic-disease 
type. 

There arc at least six diflferent virus 
diseases in which recovery from the 
disease is followed by immunity from a 
second attack, namely, tobacco ring spot. 
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tobacco ring spot No. x, tobacco streak, 
and Bergerac ring spot, all in tobacco 
(fJicofiana tabacum L.), sugar-beet curly 
top in certain races of tomato (JLycoprsicon 
escuUntum Mill, and L. pimpinellifolium 
Mill.), and potato yellow dwarf in potato 
(jSolanum tuberosum L.). The character- 
istic features of the immunity arc similar 
for all six diseases. Plants recover after 
an acute attack by production of shoots 
or leaves which appear healthy or show 
only mild symptoms of disease, which still 
harbor virus, and which arc refractory to 
infection with the virus in question but 
not to infection with unrelated viruses. 
It was suggested that there may be other 
plant virus diseases besides those men- 
tioned in which similar recovery occurs, 
and it was pointed out that the partial 
recovery exhibited with numerous other 
plant virus diseases may or may not be 
expression of an immune reaction. 

With respect to cross immunity, it has 
been shown with numerous groups of 


viruses that plant tissues invaded hy one 
strain of a virus are protected from 
infection with another strain of the virus 
but are susceptible to infection with 
unrelated viruses. The immunity appears 
to be closely associated with presence of 
virus in the immune tissues, since there 
is no evidence that virus-free tissues of 
infected plants are immune. The cross 
immunity reaction has proved useful for 
differentiation and classification of plant 
viruses. The reliability of its use for this 
purpose has been discussed in some 
detail. 

There is at present no basis for deter- 
mining whether or not acquired immunity 
from plant virus diseases is fundamentally 
different from that obtaining in animal 
virus diseases. The hypotheses that have 
been advanced to explain the possible 
mechanism of acquired immunity from 
plant virus diseases are apparently in- 
adequate. 
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Fossil Orthoptera Ensipbra. Vol. j, 
text; Vol. plates. 

^ Fredorick E. Zeuner. British Museum 

(Natural History\ London. Vol. 1,13s. 

Vol. 1, £1. 8{ X 5J; Vol. I, xiii + 311; 

Vol. X, 80 plates; 1939. 

It is indeed fortunate that the very fine 
collection of fossil Orthoptera in the 
Natural History department of the British 
Museum has had such an able interpreter 
as Zeuner. 

The order C^hoptera (earwigs, cock- 
roaches, stick insects, locusts, crickets) is 
not Urge in number of species but its 
distribution is world wide. Possibly no 
small f^tor in the ubiquity of these 
insects is that their ancestors got started 


numerous line drawings largely showing 
wing vernation and pattern and (b) photo- 
graphic reproductions mostly of the fossil 
forms of ^sifera, many of which have 
been found embedded in amber. 


Studies on the Ice Age in India and 
Associated Human Cultures. 

By H. de Terra and T. T. Patterson. 
Carnegie Institution of Washington^ Wash- 
ington^ D. C. $6.50 (paper); $7.50 
(cloth), iij X 9; xi + 354 + 56 plates; 

1939- 

This reTOrt includes studies on the Ice 
Age cycle in the Himalaya and the Pleis- 
tocene histoiy of Stone Age Man in other 
parts of India. These studies were made 


a long time ago. Geologically the group studies were made 

is the oldest of the winged orders of the geologic and archacologic results 

insects. ^ ^93 5 expedition to India under the 

direction of H. de Terra in association 
**Thc Entifera as a senate stock can be traced as with T. T. Patterson and P. T. dc Chardin. 

Theirancest^ The five areas in India with which this 

“P<« “ concmed CO Kjdunlt. M 

large suborder of the Orthoptera Saltatoria. This rOtwar-rlndus (northwestern Pimiab), (^) 


S surprising phylogenetic iodependeiKe of the Eosifera Narbada Valley near Hoshangabad and 

I thw treatiwnt in a separatt Cat^ogue.’’ Narsinghpur, (4) Madras, and CO Sukkur 
has been able to reconstruct the evolutum of P/Jk*.. c: a \ jj* • 

all the families concerned and to find the probable Rohri, Upper Sind. U addition to a 

causes of the divergence of tl^ various nocks." discussion of the Ice Age in sou thvm tern 


The textual part concludes with an 
exto^ive literature list and a useful index. 
The illustrations which form so important 
a part of the report are grouped together 
in a separate volume and consist of (a) 


and Rohri, Upper Sind. In addition to a 
discussion of the Ice Age in southvmtem 
Kashmir, four other subjects are {»:escnted, 
but in lesser detail : the Pleistocene geology 
and Stone Age cultures in northwest and 
peninsular India; the Pleistocene in the 
Narbada Valley of Central India; the 
stratigraphic and typologic sequence of the 
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Madras paleolithic industries; and the 
late Stone Age sites at Sukkur and Rohri 
on the lower Indus of Upper Sind. This 
detailed work is an excellent contribution 
to geologic and archaeologic studies on the 
Himalayan Ice Age and early Man in 
Southern Asia. There are numerous text 
figures and maps and photographic plates. 
Bibliography, index, and two folding 
maps are included. 



Textbook of Paleobotany. 

By William C. Darrah. D. Appleton- 
Century Co, ^ New York and London, $6.00. 
8ix6;xii + 44i;i939. 

Although many studies have appeared 
within the last twenty years dealing with 
fossil plants, no suitaole textbook tor the 
beginner has been issued. The author of 
the present text gives a biological rather 
than a geological approach to the subject. 
He assumes on the reader's part a woricing 
knowledge of general botany, of the 
elements of plant anatomy and some 
knowledge of historical geology. The 
four main divisions of the book: are as 
follows: I. General principles (4 chapters) 
— a discussion of geological and biological 

E rinciples and the paleobotany of coal. 
[. The paleontological history of the 
vascular plants (il chapters) — this begins 
with the Fsilopsida and ends with sections 
on the origin and geological history of the 
angiosperms. II. The succession of an- 
cient floras (4 chapters) — Paleozoic, Meso- 
zoic, Cenozoic floras and the origin of 
existing floras. IV, General results (3 
chapters) — ^fossil thallophytes and brvo- 
phytes, concepts of paleobotany ana a 
reasonable phylogeny of vascular plants. 
Numerous illustrations appear throughout 
the text and each chapter is well docu- 
mented. An excellent working index is 
provided. 

Genesis and SaBNcs. 

By Harold W, Clark, (fibtainable from 
the author^ Angwin^ Calif,'), 15 cents. 
7 X 5; 36; (paper). 

It IS a tragic fact that the great men of 
the world have refused to see the beautiful 


truths of creationism, and have turned 
their attention to the evolutionary inter- 
preution of nature.'* Mr. Clark oelieves 
that inasmuch as the Bible is wholly and 
literally true, being God's word to man, 
it must be in perfect agreement with 
science, which studies God's works of 
nature. He attempts to reconcile the two 
by the lopsided compromise of contorting 
the findings of science to agree with the 
story of the creation. In two pages the 
writer breaks down the evidences of 
evolution from studies of comparative 
anatomy, embryology, blood tests, and 
vestigial structures. He claims that all 
of the rock strata could have been laid 
down in a very short period of time as a 
result of wave action during the flood. 
Not only intelligent biologists, but in- 
telligent theologians as well will find these 
pages a lot of tommy-rot. 



Thoughts on Evolution. IV, Rejection 
by American Ethnologists, Anthropological 
Series of the Boston College Graduate S^ool^ 
Vol, 4, No, 4, Serial No, 16, 

By Joseph J, Williams^ S,J, Boston 
College Press^ Chestnut Hill^ Mass, Sub- 
scription, $3.00; Single copy, $1.00. 
of X 6i; 19; 19J9 (paper). 

This IS a periodical containing two articles. 
One is a report on recent excavations at 
Ksar 'Akil, and the other an attempt to 
prove that American ethnologists have 
repudiated the theory of evolution. This 
latter essay is one of a series and perhaps 
it is not fair to pass judgment upon it 
apart from its predecessors. The author 
draws heavily on Boas, Goldenweiser, 
Lowe, Kroeber, and others to put Homo 
sapiens outside the pale of evolution, but 
about all he accomplishes is to show that 
authorities are not agreed as to whether 
the pleistocene sub-men were ancestors or 
only collateral relatives of modem man. 

» 

GENETICS 

CONOBNITAL MALFORMATIONS. A Stuiy of 
Formal Cbaraetmstks with Sftcial Ktftr- 
met to tbt RtproJoaim Proettt. 
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Bjy- DmgfM P. Murfiaf, UmmsHy of 

Pomjyhtmia Pfut^ Philsdtlfbia. $1.50. 

9 X 6; vi + 1939 (paper). 

Toii monograph reports the resoltt of an 
investigation which had for its main 
seated purpose to determiiR whether a 
higher chan expected number of con* 
vitally malformed infants were bom in 
families where such a birth had already 
occurred. In addition, the author has 
aim examined other factors that might be 
related to the incidence of congenitsQ mid* 
fmmations, via.: socio-economic status 
and health of the patents, age, pregnancy, 
and puerperal history of the mothers. 
The material was obtained by selecting 
from the records of the deaths that took 
place from 19x9 to 1934 in Philadelphia 
ail those certificates stating that con* 
ital malformation was the cause of 
th. These numbered link but in only 
890 instances (884 families) had the 
diagnosis been confirmed. The family 
inquiry was concerned with the latter 
group and all the information desired was 
obtained for 501 families. With regard 
to the main objective of the study the 
findings are intetpreted to indicate that in 
families in which a malformed child has 
been bora the chances of another mal* 
formed child being bora are X5 times 
mater than for the general population. 
Moreover, it was apparently found that 
the older the mother the higher are the 
chances of a malformed offs^ving and the 
birth of this is usmdly pieced by a 
pmiod of relative sterility. No associa* 
don was discovered between the incidence 
of malformation and the social status, 
health, and puerperium of the mother, or 
the age of'father and mother. The author 
is' therefore lead to conclude that "con- 
genital malformations arise solely from 
inAoenca which affect the germ cells 
prior to fertilization;" This conclusion 
is'acoeptable and one to be expected on the 
basis of the findings of other students of 
the problem. It should be remarked that, 
as presented, the results of this invest^a* 
tion ate not completely probative. Tne 
biometric analytis>is weak and the author 
is apparently entirely oblivious of the fal* 
lacter that could anse from the sampling 
teohinqw eso^Myed. . 


Stdoibs on thb Physiolooft, GENsncti 
AND EvoiimoN OF SoMB Cladocska. 
Csmm Institution of Washinffm, PtAlioh 
tion No. STj. Pafor No. jf, Dtfartmont of 
Gomtics. 

Bj A. M. Banta, with tbt eollaioration of 
Thehnn R. Wood, L. A. Broum, and Lostor 
Intis. Camem Institution oj Washinpon, 
Wasbingfen, D. C. $x.5o (paper); m.oo 
( cloth), iij X 9; X •+• X55 4 * 4 folding 
charts; 1939. 

These studies, begun in 1911 and continued 
to the present, were started during that 
period when selection was looked upon as 
the prime mover of evolution. Cladocsra 
proved to be an organism well adapted to 
experiments in such fields. Banta, by 
using selection, established two races — 
the first reacting very rapidly, to light, 
the second reacting slowly or not at all. 

Closer studies upon this form led to 
the finding of sex intergrades which 
proved to he mutational. The effect of 
environmental conditions upon the sex 
ratio of the offspring also received much 
attention. It was round that increasing 
temperature gave a bimodal curve for 
male^rcentages and that these centered 
at 14^. and xo^C. Density of population 
was found to be* an important factor in 
the determination of sex. An isolated 
mother produced only females. When the 
maternal density was 8 per culture, 36 
per cent of the offspring were males. The 
evolutionary significance of the findings 
is discussed. 

A bibliography of xox titles is present. 
Drawings and diagrams aid in the clari- 
fication of the text and a fine index is 
appended. 

* 

Blood Geoufs in Africa. Publication of 
tbs South African Institute for Medical 
Rsssarcb No. XLIV. (yol. IX). 

By Ronald Elsdon-Dsie. South African 
Itsstituts for Medical RsssMvb, Jobasmss- 
burg. Free. loj x yf; 66; 1939 (paper). 
This paper is the sixth in a series, pub* 
lisheo by the South African Iiutitute for 
Medical Research, and is a continuation 
of an investigation of the blood grotm eff 
the tribes of Africa— die object of the 
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investigation being to trace the racial 
history of these peoples (if possible) and 
place them in their proper order of origin. 
The present study deals with tribes in 
East Africa, and tables and charts present 
a clear reading of their blood grouping 
and the several gene frequencies. There is 
also a recapitulation of results previously 
published, and while no theories of eth* 
nological distribution have been proven, 
very considerable knowledge has been 
added to that already gained. This in- 
vestigation together with those of earlier 
date should oc of special interest to 
geneticists. 



Hbrbdity and SoaAL Problems. 

By L. L. Burlingame, McGrauhHill Book 
Co,^ New York and London. $3.50. 9 x 
6; xi + 369; 1940. 

This textbook aims to give students of 
biology a general view of the significance 
of the findings of modem genetics in 
relation to social problems. The first 
third of the book contains a fairly simple 
exposition of genetics and its application 
to the study of the inheritance of physical 
characters in man. The remaining part, 
about two-thirds of the book, is concerned 
with an examination of the evidence on 
the inheritance of behavioristic and mental 
traits: criminality, intelligence, mental 
deficiency, etc. Sandwiched among these 
is a discussion of population problems and 
of race. The author has obviously been 
influenced by the recent pronouncements 
of the eugenists and it is apparently from 
such a standpoint that he presents the 
subject. 



Pedigrees and Checkerboards. 

By E. Fletcher Barrows, Edwards Bros.^ 
Ann Arhofy Mkh, $1.50. lof x 8f; 
Z33; 1540 (paper). 

Cases m great variety are presented for 
exercise in the determination (a) from 
given pedigrees, of the probable genetic 
make-up ofthe individuals concerns, and 
(b) from crosses in which the parental 
genotypes are specified, of what sands of 


offspring and what Mendelian ratios may 
be exj^ted. The construction of numer- 
ous Punnett squares is suggested. All 
fundamental aspects of mocum genetic 
theory are covered, but no breeding ex- 
periments are outlined. This is a manual 
for desk work only. 

* 

The Principles op Heredity. Second 
Edition. 

By Laurence H. Snyder. D, C. Heath 
and Company y Boston and London. $3.50. 
8i X 3i; XV -b 45Z; 1040. 

The present edition of this excellent text 
follows close^ the organization of the 
early edition (reviewed Q.R.B., Vol., lo, 
p. 454) with but few minor changes. A 
new chapter on giant chromosomes has 
been added, synthesizing the investiga- 
tions in this important branch of present 
day genetics. New illustrations have 
been added, and the lists of references 
extended. 



GENERAL BIOLOGY 

Vitalism: Its History and Validity. 

By L. Richmond Wheeler. H. F. and G. 
Witherby^ London. 13s. net. 8f x 3J; 

xii + 173; 1939. 

A great amount of painstaking scholarly 
research has gone into the making of this 
book, and the result will astonish those 
who have given only casual thought to the 
subject. Unfortunately, the title is some- 
what misleading as the greater part of the 
book is taken up with interpretations of 
the thoughts of past authorities on 
vitalism, rather than with a consideration 
of vitalism itself as a living theory. 
But the book is better than its title. 

The average man, if he thinks of vital- 
ism at all, is likely to consider it an 
essentially modem development— the nat- 
ural reaction to the materialism of the 
nineteenth century. But if he reads this 
book he will learn that not only was 
Aristotle the originator of the theory, 
but that the belief was held by practically 
all subsequent men of science (there were 
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of course not many of them) dovm to 
about the middle of the seventeenth 
century. 

In this century a great many changes 
took place in the scientific thought of 
western Europe. The birth of the clas- 
sical physics of Galileo and Newton 
naturally gave a mechanical slant to the 
speculations of natural philosophers. It 
also helped to drive into permanent ob- 
livion the old belief that the baser metals 
could be transmuted into gold, by es- 
tablishing the fixity of the elements. 
Under a materialistic philosophy this idea 
of fixitjr was easily transferred from the 
inorganic to the organic world, and the 
doctrine of the fixity of species was the 
result. Sporadic attempts to overthrow 
this doctrine were made at odd intervals 
by Erasmus Darwin, Lamarck, Robert 
Chambers and others, but it was never 
seriously challenged until the publication 
of the Origin by Charles Darwin in 1859. 

To list the authorities whose contribu- 
tions to the philosophy of vitalism are 
expounded by Wheeler from Aristotle and 
Guen to Jeans and Eddington would be to 
compile an encyclopedia of biography. 
Certainly not many have been missed. 
Yet the present reviewer puts down the 
book in a somewhat confused state of 
mind. This is partly due to inadequate 
documentation. There are practically no 
footnotes. Editorial comments are in- 
serted parenthetically, thus interrupting 
the continuity and so adding to the 
difficulty of reading. The bibliographies 
at the end of each chapter make no 
pretense to completeness — if every cita- 
tion in the text were listed the bibliog- 
raphies would be several times their 
present length, and the usefulness of the 
book would be enhanced proportionately. 

Another source of confusion is the use 
of technical terms to mean different things 
at different times. For instance the term 
* 'orthogenesis" is sometimes used to mean 
development past the optimum point for 
usefulness to that of danger — ana at other 
times to mean teleogenesis. Also, the 
word "mechanism" is used as if synony- 
mous now with machine, now with 
automaton. But this is not so much the 
author's fault as of those he quotes. 

But despite this confusion there is much 


in the book to be commended. The index 
is quite exhaustive and there is great 
clarity of expression throughout the work. 
Perhaps the reviewer may be pardoned for 
closing with a quotation from the work 
that he finds enlightening: 

Vitalism and mechanism arc the only two types 
of theoretical biology yet devised and lK>th involve 
the analogy of a humanly constructed machine. 
Vitalism allows for a mechanic. Mechanism for^ts 
that a mechanic is essential and only achieves bein^ 
materialistic by omitting the ‘psychological origin 
of the machine. 



Dbr Kampf ums Dasbin. Eine biologiscb- 
mathematische Darstellung der Lebensgemein^ 
schaften und biologischen Gleichgewichte. Ab* 
handlungen exakfen Biologie^ Heft j. 

By Umberto D* Ancona. Translated by 
Ludwig Holxer. Verlag von Gebruder Bom- 
traeger^ Berlin. RM. 15. xo x 6J; 
X + 196 (paper). 

The first portion of this work treats of the 
main contributions by men who have 
added to our knowledge of the behavior 
of biological populations. The equations 
of Lotka regarding interspecific relation- 
ships are dealt with. The fundamental 
concepts of the theory of Vol terra con- 
cerning biological p^ulations are ex- 
tensively presented. The Verhulst-Pearl 
logistic curve is given and some of the 
experimental work of Pearl upon Droso- 
phila is described. Other authors whose 
observations are noted include: Darwin, 
Moebius, Celli, Friederichs, Elton, and 
Gause. 

The second portion of the work is con- 
cerned with principles of biological popu- 
lations which may be drawn from the 
works of the foregoing scientists. At 
first glance the mathematics used and the 
conclusions drawn therefrom, may appe^ 
rather heavy for the biologist, ^e 
writer of the work, however, states: "Es 
[the book] handelt sich hier also nicht um 
eine mathematische Arbeit fur Mathe- 
matiker, sondem um eine biologische fOr 
Biologen, in welcher die Mathematik als 
gedanldiches Hilfsmittel dient." 

The volume contains many graphs 
which amplify and clari^ the text. An 
extensive oibliography is presented. 
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Ca&nboib Institution of Washington. 
Y$ar Book No. ^ 8 ^ July j, igs^-Jum ^0, ip^p. 
Carnegie Institution of Washington^ Wash- 
in ffon^ D. C. $1.00 (paper); $1.50 
bound. 10 X 6f; xxxii + 394; 1939 

Tl^ part of this report is concerned 
with official matters such as lists of 
officers and trustees, staff investigators, 
research associates connected with other 
institutions, etc. The President, Mr. 
Vannevar Bush, gives a general report on 
the present status of research work in the 
various branches of the Institution and 
outlines some of the problems that are 
either in the process of being investigated 
or are to be taken up in the mture. There 
follow separate and more detailed depart- 
mental reports under the following head- 
ings: astronomy, terrestrial science, bi- 
ological sciences, and historical research. 
To those who are familiar with the pub- 
lications from the biological sections — 
both plant and animal — these reports are 
of especial interest as the reader obtains 
an understanding of the general scope of 
the work that is in progress. Also of 
interest to the biologist are those sections 
dealing with historical research where 
the first decade’s accomplishments are 
reviewed, including the very fine work in 
the Maya field, the reports dealing with 
genetics, nutrition, and paleontology, 
early man, and historical geology. 



Oroanismbn und Umwelt. 20 Vortrdge. 
Zweite Wissenschaftliche Woche z.u Frankfurt 
A.M. 28-^0. Junif 

Edited by R. Otto in collaboration with K. 

Felix and F. Links. Verlag von Theodor 

Steinkopff^ Dresden and Leipzig- RM. 

II.X 5 . 9 jx 6 J;xiv 4 - 175 51939 (paper)- 

The principal theme of the papers pre- 
sented was the relationship between the 
organism and its environment. Doth 
plant and animal research were used as a 
basis for the discussions. Some of the 
subjects treated were: environment and 
heredity; race and environment; the im- 
portance of photodynamic phenomenon 
in biology; plants and radiation; influence 
of the radioactive environment upon the 
organism; the importance of frail elements 


in the development and association of 
plants; specific immunity against micro- 
organisms. Each talk was followed by a 
general discussion which is placed at the 
end of each report. 

There are many illustrations and a good 
index. 



The Seasons and the Farmer. A Book 
for Children. 

By F. Fraser Darling. Drawings by C. F. 

Tunnicliffe. The Macmillan Co.,, New 

York; The University Press, Cambridge. 

$1.15. X 6f; vii -f- 71; 1939. 

The belief that many city children never 
get to see or know much about the farm 
has prompted Darling to write this some- 
what romantic account of the farmer, 
his crops, his animals, and his work the 
year around. The subject matter and 
illustrations are drawn exclusively from 
British sources, and in consequence, the 
book will be of reduced value for American 
consumption. The author’s consistent 
use of the words wheat and com inter- 
changeably when obviously referring to 
wheat would be extremely confusing to an 
American child. Many of the homely 
methods of English farming would be 
amusing to our machine-minocd American 
farm children. However, for English 
consumption, the little volume will un- 
doubtedly serve its purpose well. 



The World under the Sea. A Concise 
Account of the Marine World. 

By B. Webster Smith. D. Appleton- 

Century Company, New York and London. 

$3.00. 9x6; 130; 1940. 

Because simpler studies of oceanography 
in the language of the layman are rare, 
the author has written this small book to 
fill the gap by setting before the reader 
”a plain and straightforward account of 
oceanic phenomena, followed by a brief 
and general survey of marine life.” The 
volume includes chapters on submarine 
earthquakes and volcanoes, oceanic cur- 
rents and tides, and a description of the 
ocean floor as well as accounts of many 
forms of marine life from sharks and rays 
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to marine plants and minute animals. It 
is well illustrated with photographs and 
drawings and there is an adequate index. 



Biolooicai Drawings with Notes. Parts 
I and 2. 

By Maud Jepson. Preface by H. Graham 
Cannon. Chemical Publishing Co.^ New 
York; John Murray^ London. $1.00. 11} 
X 9j; Part i, iv + 60; Part x, iv + 60; 

1939- 

This splendid collection of biological 
drawings can be used to practical ad- 
vantage by students in courses where the 
time is limited. They should be of great 
value to the student in the laboratory, 
furnishing, as they do, clear-cut concepts 
of botanical and zoological structures. 
Hie author has included numerous notes 
in addition to those used for labelling 
puiposes. Parts I and II are bound to- 
gether but have separate indices. 



HUMAN BIOLOGY 

Capitalism thb Creator. The Economic 
Foundations of Modem Industrial Society. 

By Carl Snyder. The Macmillan Co.^ 

New York. $3.75. si x xii + 473; 

1940. 

During the last century mystics and 
humanitarians in general have greatly 
intensified their attacks against the capi- 
talistic system, and in the last two decades, 
particularly the foundations of free trade 
nave been badly shaken, if not destroyed. 
Today, in fact, it is a rather risky business 
to aefend the system advocated and 
taught by Adam Smith. Therefore the 
author is to be greatly admired for his 
courage in making this panegyric of 
capitalism. The theme that Snyder de- 
velops and embroiders is that capitalism 
is an integral aspect of our ways of living 
and that because of it this country es- 
pecially has advanced to a high social 
level. Without capitalism, without the 
right of private property and profit the 
great industrial process of this country 
would never have been achieved. The 
author goes to great lengths, employing a 


mass of facts and figures, to demonstrate 
the truth of this view. The evidence in 
its favor is formidable and none but fools 
or knaves could deny it. However, is it 
with respect to this point that many argue 
for a modification or the overthrow of 
capitalism? As Pareto, on whom the 
author leans heavily, pointed out the 
problems of applied economics involve a 
strong non-rational clement — that of so- 
called humanitarianism — and it is on these 
grounds that communists, socialists, and 
new-dealers have made what appears to be 
successful headway against the principles 
of liberal economy. This book has ap- 
parently been written for the layman and 
It is one of the clearest and most complete 
expositions of capitalistic principles that 
has appeared in many years, besides con- 
taining an adequate interpretation and 
summary of the economic history of this 
country. 



How Cams Civilization? 

By Lord Raglan. Methuen and Co., Lon^ 

don. 6s. net. 7J x 5; xi + 191; 1939. 
The author's belief is that the human race 
does not possess an instinct or natural 
tendency towards progress but that civi- 
lization is a rare manifestation of the 
sporadic creative eflForts of a few of its 
'citizens." In line with this belief the 
author reasons that the so-called "primi- 
tive" devices which scientists believed 
primitive peoples to have developed were 
invented once and once only and in one 
place, and from that place were diffused 
to other areas. The author believes that 
the theory of multiple inventions is a 
fallacious one. 

. . . .that progress has always been rare and sporadic; 
and that today there is, outside Western civiliaation, 
nothing but stamation or decay. 

So Ur as ’we know, no savage has ever invented 
anything, and the researches of experts lead them to 
the conclusion that all the elements of civiliaation, 
including agriculture and the domestication of 
animals, the use of metals, bows, boats, pots and 
wheels, were developed once only, each at some one 
spot, and thence diffused to where they are now 
found. 

The author shows that the invention 
of the bow and arrow was not a simple 
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invention but a complicated one involving 
at the least, nine steps in the making. 
This complexitv gives one reason “for 
doubting whether it was invented in- 
dependently by primitive savages in vari- 
ous parts of the world.*’ How Came Civi- 
liZ,ation presents a strong if not wholly 
convincing argument in favor of the dit- 
fusionist school of thought. Bibliog- 
raphy, index and illustrations are in- 
cluded. 



All Too Human. An Unconventional Auto- 
Ho^aphy. 

By Owen Berheley-HilL Peter Davies^ 

London, 8s. 6d. net. 7I x 5I; [8] 

+ 384; 1939- 

General speaking all autobiographies are 
interesting and this volume is certainly 
no exception to that rule. The author is 
an eminent psychiatrist who stems from 
the distinguished English family that in- 
cluded among its members Sir Rowland 
Hill, the originator of Penny Postage in 
England and of modem postal systems 
generally. 

Berkeley-Hill was educated at Oxford, 
Gottingen, Nancy, and London. Soon 
after the turn of the century he entered 
the Indian Medical Service. In due time 
he married a Hindu wife of the Tiyyan 
caste. This proved in the event to be an 
enduring and happy marriage, in spite of 
the social difficulties it entailed for the 
partners to it and their children. 

One of the things that makes this an 
extraordinary autobiography is the 
author’s frankness about his own sex life, 
to which one whole chapter is devoted to 
say nothing of frequent references to the 
same subject through the book. The 
following lines constitute the only preface 
the boox has: “This book has be^ 
written at the express desire of my chil- 
dren. What they will think of it and of 
me if they ever read it I cannot even guess. 
However, I have done my best to write the 
story of my life, most of which, as 
Sydney Smith said of his own, has been 
‘like a razor, either in hot water or a 
scrape’.’’ 

It seems reasonably safe to say that no 


other father ever told his children, 
through the medium of a published book, 
quite so much about his sex experiences 
and attitudes. 

Altogether a remarkable book thor- 
oughly indexed. 



Thb Racbs op Central Europb. A Foot^ 
note to History, 

By G, M, Morant, Preface by J, B, S, 

Haldane, George Allen and Unwin^ Lon^ 

don. 5s. net. 7i x 4J; 163; 1939. 
The purpose of the study reported in this 
book is ‘to discover how far the physical 
evidence relating to the peoples ot Central 
Europe leads to conclusions regarding 
‘race^ that arc in accordance with those 
derived from cultural data and primarily 
from language.” In particular, the 
author wishes to bring to the attention of 
the general public the fallacies of the con- 
cept of race as preached by certain German 
writers. He therefore examines some of 
the available data on stature, the cephalic 
index, skin, hair and eye color, hair form, 
and blood groups of samples of German, 
Czechoslovakian, Austrian, Polish, and 
Hungarian populations. As is well 
known, for some physical traits these 
national groups do differ in terms of the 
average measure. But due to the vari- 
ability within each group, not all the 
individuals of one groi^ are distinguished 
relative to these traits from all the persons 
of the other groups. Moreover, the 
author emphasizes that in passing from 
one country to another geographically 
contiguous the change in the measure of 
the physical characteristics is gradual and 
not abrupt as is the change in language 
and culture. This point is questionaUe 
since it needs proof that there is a sudden 
transition in the language actually spoken 
by the inhabitants on the two sides of a 
boundary line. The author closes with a 
plea for a greater popular diffusion of 
anthropological knowledge so that ideas 
such as those of racial purity and superi- 
ority will not be easily accepted by the 
general public. Every human biologist 
will certainly associate himself with this 
plea. 
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Indians of thb United States. Fcur 
Cmturiis of Tboir History and Culture. 

By Clark Wissler. Doubleday ^ Doran and 
Co.^ New York. $3.75. 9i x 6^; xvi + 
319 + 18 plates; 1940. 

This is the mt of a special series of science 
books prepared for the general public 
under tne auspices of the American Mu- 
seum of Natural History. In this volume 
Wissler describes the Inoians who inhabited 
North America in 1491 and when possible 
traces their movement to the present day. 
The book is divided into three parts and 
in the first, by way of introduction, the 
author summarizes the evidence that has 
been uncovered about prehistoric Indians 
and the deductions and conclusions to 
which such findings have led. The sub- 
stance of the book is contained in the 
second part. For each of the major ethnic 
groups into which the North American 
Indians can be segregated a detailed 
account is given of the physical charac- 
teristics, political organization, mores, 
culture, geographic distributions and the 
history, particularly in relation to the 
wars witn other Indians and with the 
white man. These accounts are made 
more interesting by the inclusion of short 
biographical sketches of the leading his- 
torical personalities of each group. In 
the third part the author discusses the 
consequences of the contacts between the 
white man and the Indian (mostly bad 
for the latter) and the future of the Indian 
in this country. For the purpose for 
which it has been prepared the book is 
excellent. The author has succeeded in 
giving a clear portrayal of the Indian and 
one that is about as accurate as could be 
possible without recourse to pedantry. 



The Baioa. 

By Verrier Elwin. With a Foreword by 
J. H. Hutton. John Murray^ London. 
30S, net. 8| X 6 ; xxxi + 550 + 54 
plates; 1939. 

The Baiga were aboriginals of Central India 
and are now found mainly in the Eastern 
Satpura Mountains. They number about 
40,000 souls and apparently have not yet 
been much influenced either by the Hindu 
or the Western civilia^ation. The author 


has lived among them for almost a decade^ 
having established schools, a dispensary, 
and a leper home in their country. In 
this report of his observations he describes 
fully their mode of living, customs and 
beliefs. The Baiga are not far above the 
hunting cultural level. Their daily life 
appears to be centered around the simple 
satisfaction of the physiological urges. 
The importance given to sexual manite- 
tations is noteworthy and the author dis- 
cusses their sex behavior at length and 
with what seems to be a more profound 
insight than most anthropologists pos- 
sess. In addition to chapters on the 
social organization, jurisprudence, myth- 
ology, magic, healing art and folklore of 
the Baiga this book contains a very 
interesting one on the kinds of dreams 
reported by some of them. Particularly 
illuminating are the life-stories of some of 
the notable persons of the tribe. This 
book, so rich in authentic information, 
will be a source of reference for studies on 
numerous aspects of social behavior. 



Ecuador the Unknown. Two and a Half 
Years* Travels in the Republic of Ecuador and 
Galdpazos Islands. 

By Victor Wolfgang Von Hagen. Oxford 

University Press ^ New York. $3.50. 8J 

X 2-96 + 31 plates; 1940. 

To recommend this thoroughly satisfying 
* 'travel" book is indeed a pleasure. It is 
a record of adventurous traveling com- 
bined with scientific observation of areas 
which have previously been visited but 
seldom described so well. The author, 
an entomologist, and his wife, a botanist, 
traveled in the high Andes, and on the 
sea and river levels of Ecuador to the pic- 
turesque cities and the upper Amazon 
territory. They journeyed as collectors for 
museums, as scientific observers, and as 
photographers — so the book is full of vital 
information. The experience of going to 
the native habitat of the South American 
condor, of lassoing two of the great 
birds and sending them back to the zoo in 
Memphis is enough to compensate the 
authors for all hardships endured. 

But the main purpq^ ol the expedition 
was to visit the Galipa^s to maice criti- 
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cal observations of changes that had 
occurred since Darwin’s historic voyage 
one century earlier in 1833. ^ compari- 
son of data of the two periods is presented 
with an account of the erection, on these 
islands, by the author and his wife, of a 
statue of the evolutionist. The book is 
well illustrated with photographs by the 
author. There is an index of eight pages. 

9 } 

A Doctor without a Country. 

By Thomas A, Lambie, With an Intro- 
Auction by Howard A. Kelly, Fleming H, 
Revell Co,f New York^ London and Edin- 
burgh. $1.00. 8 X 5i; 151; 193^. 
After many hardships, the missionary 
doctor accompanied by his wife and small 
children succeeded in crossing the Anglo 
Sudan into Abyssinia, where Addis Ababa 
eventually became the center of his activi- 
ties. If one discounts the religious fervor 
that pervades the entire work there still 
remains a large fund of highly interesting 
information about the customs and belief 
of the natives, and about the animal life 
and vegetation of the country. Only 
Ethiopian citizens could hold title to mis- 
sionary property in Ethiopia, so in 1934, 
at the personal request of Hailie Selassie, 
Dr. Lambie renounced his allegiance to 
the United States in order to become an 
Ethiopian citizen. Shortly after came the 
Italian invasion, with the consequent 
expulsion of his mission from Ethiopia. 
However, Dr. Lambie regards seeming 
defeat as a stepping stone to a greater and 
an ultimate triumph in that the tragedy of 
Ethiopia may lead to the spread of the 
Gospel in the Egyptian Sudan, where he 
now plans to return. 

Chbrokbb Cavalibrs. Forty Years of Chero- 
kee History as Told in the Correspondence of 
the Ridge-Watie-Boudinot Family. 

By Edward E. Dale and Gaston Litton. 
University of Oklahoma Press^ Norman. 
$3.00. u X 5f; xxiii + 319 + 7 plates 
+ I foloing chart; 1939. 

An important story well told, without 
prejudice, this book deals with the suc- 
cessive evictions of the Cherokees from 


their expulsion from their original home 
in Georgia to their final settlement in 
Oklahoma. It is not a story in which 
white Americans can take pride. The 
leaders of the Cherokee nation had inter- 
married with the whites to a great extent 
and their families were divided by the 
evictions. The story is told in 199 differ- 
ent letters published for the first time, 
written between 1831 and i87X by various 
members of the related Ridge, Watie, 
and Boudinot families to each other. 

The Cherokees were the most intellec- 
tual and the most highly cultured of all 
the aboriginal inhabitants of the United 
States. They were the only ones to de- 
velop a phonetic alphabet. They were 
the first to publish their own news 
magazines. The letters selected for pub- 
lication here came from a collection of 
several thousand discovered in an Okla- 
homa farmhouse several years ago. From 
them we get the Indians* side of the story. 
The work is a scholarly presentation, 
thoroughly indexed and documented. 



Frontier Doctor. 

By Urling C. Coe. The Macmillan Co.^ 

New York. $1.50. 8 x 5J; ix + 164; 

1939- 

The perseverance required by the *‘Doc’* 
to meet hardship and to co^ with igno- 
rance and superstition amon^ the settlers 
of our last frontier is realistically por- 
trayed by Dr. Coe in this interesting little 
novel. The story is essentially an auto- 
biography of the author for the years 15(03 
to 1911, and represents the diary he in- 
tended to keep (but never had time to) 
when he went to the little town of Bend, 
Oregon, to begin his medical career. 

Still quite green from medical school, 
Dr. Coe soon found himself amputating 
limbs with a meat saw, reducing fractures 
by many ingenious methods, pulling teeth 
with pliers, and delivering babies oy the 
dozens everywhere. Although the author 
sticks pretty close to the story he has to 
tell, he digresses now and then to take a 
few mild pokes at socialized medicine, and 
insists that individualism is the founda* 
tion of medicine, as well as all other 
institutions in our Democracy. For enter- 
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taming reading, we heartily recommend 
Fmttitr Doctor. 



Sia John Feankun’s Last Arctic Expedi- 
tion. A Chapter in the History of the Royal 
Naiy. 

By Richard J. Cyriax. Methuen and Co.^ 

London, ii8.6d.net. 8ix5);xviii + 

m + 3 folding maps; 1939. 

Here is a scholarly presentation of com- 
pletely authenticated data regarding early 
British exploration in the Arctic. Expe- 
ditions previous to Sir John Franklin's 
last vovage are briefly outlined in order to 
give tne historical background of this 
British search for the Northwest Passage. 
The detailed account includes a descrip- 
tion of the painstaking preparation, and 
of the final sailing of H. M. ships, Erebus 
and Terror, in May 1845, under the com- 
mand of Sir John Franklin. These ves- 
sels were the first to go into the Arctic 
equipped with steam engines, auxiliary 
to the sails, and in every possible way the 
latest devices and methods were used to 
insure the success of the voyage of dis- 
covery. But the outcome, as is well 
known, was a great national tragedy. 

The full documentation of the text adds 
greatly to the interest of the reader, espe- 
cially as many of these notes are given to 
the public for the first time. There arc 
maps, appendices and brief biographies of 
the junior officers of the ]&ebus and 
Terror, as well as a six and a half page 
index. 



Anthropometric Observations on the 
Eskimos and Indians of Labrador. An- 
throfological Series^ Field Museum of Natural 
History^ Volume 3/, Number z. Publication 
462. 

By T. Dale Stewart. Material and Data 
Collected by William Duncan Strong. 
Field Museum of Natural History^ Chicago. 
$1.73. 9J X 4; 163 + 16 plates; 1939 
(paper). 

The early pages of this publication are 
devoted to a disciUssion of the difficulties 
encountered in the study of Eskimo popu- 


lations, particularly the problems of racial 
admixture and physical changes due to 
altered diet. Following this is a review of 
the theories of Eskimo and northern 
Indian migrations and the origin of the 
various cultures. The anthropometric 
data presented have a three-fold division — 
measurements on prehistoric and recent 
skeletons, on living Eskimos, and on 
living Indians — the last mentioned mate- 
rial being so meager as to have but little 
value. Mean values are given in sixty- 
four tables, while individual measure- 
ments are presented in the several ap- 
p^dices. The figures show that in pre- 
historic times the Labrador and Greenland 
Eskimos bore the closest skeletal resem- 
blances, being considerably shorter than 
those of the Thule culture. Brief ac- 
counts are given as to population changes 
during the past century, longevity, and 
racial intermixture. 



Furs to Furrows. An Epic of Rugged 
Individualism, 

By Sydney Greenhie. The Caxton Printers^ 

Caldwell^ Idaho, $3.50. 9x6; 413 + 

30 plates; 1939. 

This book tells the story of the important 
years in American pioneering history and 
the men who made it — the fur trappers — 
who, according to the author, were always 
some 500 miles ahead of the army and mis- 
sionaries. Its interest is primarily cen- 
tered in the thirty to forty years following 
the Louisiana Purchase and the acquisition 
of the territory west of the Mississippi. 
The author writes with interest and 
understanding of such notables as John 
Colter, John Jacob Astor, Manuel Lisa, 
the great American character Kit Carson, 
and other early Americans. Several chap- 
ters arc devoted to the Navajo and Pueblo 
Indians and their customs and crafts. Dr. 
Carl P. Russell furnishes in the appendix 
a chronological outline of the history of 
American fur trade from 1407 to the 
present. A long and complete bibli- 
ography and index arc incluocd and the 
volume is well illustrated with photo- 
graphs of Indians and reproductions of 
historical paintings. 
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New Guinea Expedition. Fly River Area^ 
1936-^1937- 

By Richard Archbold and A. L. Rand, 
Photographs by the Authors and L, J. 
Brass, G, H. H, Tate, M, J, Mealy and 
L, A. Willis, Robert M. McBride and 
Co,, New York. $3.30. 10 x yi; xviii + 
106 + I folding map; 1Q40. 

The second expedition of the authors into 
the little known Fly River region of New 
Guinea justly warrants the praise given it in 
the Foreword by Roy Chapman Andrews. 
If nothing more had come from the expedi- 
tion than the trip, it would have been 
entirely successful in that it revolutionized 
the method of exploration into jungle 
country. The method was simply that of 
using an airplane to drop parachute loads 
of supplies at the various camp sites along 
the route of exploration, thus avoiding 
the necessity of using countless natives to 
pack the s^plics through the dense jungle 
regions. text is well written in a 

clear and interesting style, and is supplied 
with an index and an abundance of photo- 
graphs and maps. 



Doctor’s Office. 

By Vincent Tothill, With a Foreword by 
Owen Rutter, Blache and Son, London 
and Glasgow, 7s. 6d. net. x 5!; 
vi + 188 + 8 plates; 1939. 

Of the deluge of books by and about doc- 
tors which have almost drenched the 
literary horizon of late, the present volume 
is perhaps noteworthy only because of its 
locale — the island of Trinidad. From the 
windows of the doctor’s office and through 
the eyes of the doctor himself, we get a 
glim^e of various and sundir aspects of 
life in this British New World possession. 
Dr. Tothill gives us his impressions of the 
natives of the island and how they live, 
Trinidad society, missions and their meth- 
ods, education in Trinidad, the medical 
service, and something about Trinidad’s 
possible future. ’The author is entirely 
devoid of any color complex and his years 
of experience, both as medical officer to a 
large sugar estate and as a private practi- 
tioner, have given him valuable inside 
information as to conditions on the island. 


Dr. Tothill’s frankness and straight- 
forwardness add a pith and pungency to 
the book which may leave a bacf taste in 
the mouths of some of his readers. 



Charity and the Struggle for Exist- 
BNCB. The Huxley Memorial Lecture for 
1939, Reprinted from The Journal of the 
Royal Anthropological Institute, Vol, LXIX, 
Part II, J939, 

By R, R, Marett, Royal Anthropological 

Institute, London, is. net. ii x 8i; 

^1.3; 1939 (paper)- 

This rather rambling and poorly organized 
lecture about a problem of compelling 
and perennial interest to philosophically 
minckd students of human evolution finos 
its end point in the following words: 

I therefore conclude, without exceeding my 
anthropological range, that in general our ethical 
policy has heen sound all along, though here and 
there we have had to drop various habits by the way. 
But Charity, as I have contended throughout, can 
never grow obsolete. It is part of the permanent 
endowment of the race, seeing that Charity and Jus- 
tice are as the heart and the head— with, perhaps 
Holiness as the soul— of the whole evolutionary 
movement to which our nature is subject. 

Marett contends that charity has its 
evolutionary origin in mother-love. Jus- 
tice is thought to be the contribution of 
the father to the moral life of mankind, 
and to find its ’’ultimate affinities with 
male violence and the lust for power as 
typically displayed in sex-rivalry.” 

Altogether we cannot regard this as a 
particularly important contribution. 



Two Men in the Antarctic. An Expedi- 
tion to Graham Land 1920-1922. 

By Thomas W. Bagshawe. With a Fore- 
word by Frank Debenham, The Macmillan 
Co., New York; The University Press, Cam- 
bridge. $3.75. 8i X 3i; xxi + 191 + 
19 plates + i folding chart; 1939. 
Living in a shack made of packing boxes 
and an old boat hull, two young men spoit 
a year on the coast of Graham Land. This 
is the story of the hardships encountered 
during their isolation. However, the 
adventure was not without its compensa- 
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tioot and the pleasures and trials alike are 
related in a manner which is entertaining 
and often quite amusing. The final quar- 
ter of the book is devoted to detailed 
meteorological and tidal observations, 
and to descriptions of the activities of 
whales, seals, and various birds. The 
men were transported to and from their 
base by whaling vessels, and the account 
of the whaling industry is of particular 
interest. The volume is well illustrated 
and indexed. 

* 

Nbw Ewotjun) GiMMCNiTY Statistical 
Absteactb. Social and Economic Data 
for lys N$w England Cities and Towns. 
Prepared for the Industrial Development 
Committee of the New England Council. 

Compiled by Ralph G. Wells and John S. 

Perkins. Bureau of Business Research^ 

Boston University College of Business Ad- 

ministration^ Boston. $3.50. 11 x 8^; 

*5 + [350]; *939 (paper)- 

This book is a collection of statistical data 
from 175 New England cities and towns. 
The information contained is primarily 
for the benefit of manufacturers and busi- 
ness men who may seek new locations and 
extensions of their operations, and are 
thus enabled to compare the relative ad- 
vantages of the different communities of 
New England for their purposes. These 
statistics also contain much information 
useful in further studies on population 
and economics. The data compiled cover 
population (native and foreign bom), 
municipal finances (tax rates, bond in- 
debtedness, total property values, etc.), 
distribution of emplovment, vital sta- 
tistics, housing data, educational facilities 
and other information, grouped so com- 
pactly that desired tables may be easily 
found. The statistics appear to be sound 
and reliable. 



PovuLATiON. A Problem for Democrat. 
The Godkin Lectures^ ip$8. 

By Gunnar Myrdal. Harvard University 
Press^ Cambridge; Oxford University Press^ 
London. $i.oo. yf x 3^; xiii -t- X37; 
1940. 


The Swedish investigator who is the 
author of this book believes that the popu- 
lation problem is the cmcial problem of 
democracy. He points out that America 
has the unique strategic advantage — if 
only it can be capitalized — that this prob- 
lem will mature to acuteness a couple of 
decades later than in some of the older 
democracies of northern and western 
Europe, among them his own. In a gen- 
eral and non-technical way he discusses 
political attitudes in the population prob- 
lem, and the economic effects of popula- 
tion trends in western democratic indus- 
trial society, using Sweden as his point of 
reference. 



Migration and Soual Welfare. An 
Approach to the Problem of the Non-Settled 
Person in the Community. 

By Philip E. Ryan. Russell Sage Founda- 
tion^ New York. 50 cents. 9 x 6; vi -h 
114; 1940 (paper). 

An interesting study of the migratory 
population of the United States. It tells 
us about the different groups of people 
who move from one part of the country to 
another, and gives their reasons for so 
doing. It also gives a fund of informa- 
tion about the social and financial prob- 
lems that states and communities have to 
deal with in the effort to care reasonably 
for this large body of transients. Mr. 
Ryan seems to thinx the nearest approach 
to a satisfactory control of the conditions 
of life surrounding the non-resident popu- 
lation would be through concerted action 
of all state and local agencies with govern- 
ment leadership. 

Population Changes in the Rio Grande 
Glaze-Paiot Area. Archaeological Sur^ 
vey. Technical Series^ Bulletin No. p. 

By H. P. Mera. Laboratory of Anthro- 
pology^ Sante Fe^ New Mexico. $x.oo. 
loj X 8i; 41 + 13 maps; 1^ (paper). 

In central New Mexico, in the river valley 
both north and south of Albuquerque, 
lived populations characterized by com- 
mon types of pottery production. The 
movements and shifts of these populations 
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from the middle of the 14th century to the 
beginning of the x8th have been the sub* 
ject of the author’s study for nearly ten 
years. The distribution of certain archeo- 
logical objects generally accepted as indi- 
cators of the presence or absence of these 
people has been taken as evidence of 
changes in their centers of population. 
Warmre seems to have been the ultimate 
incentive to movement in every case. 



Rbfuob in thb Andbs. 

By Rudolph MesseL John Lane the Bodley 
Head^ London, los. 6d. net. 8^ x 5^; 
185 + 16 plates; 1939. 

A group or German refugees had been 
settled in Colombia, South America, and 
apparently something had gone wrong 
with the Colony. This is the story of the 
author’s journey from London to that 
settlement in an effort to clear up the diffi- 
culty. In many ways the book reads like 
a novel, having a genuine villain who is 
the personification of the “clutching 
hand of the Gestapo in the Andes.’’ The 
hero (the author) of course comes out vic- 
torious, and looks forward to the time 
when the principles which he inaugurated 
in the colony will dominate the entire 
organization of South America. The 
book is entertainingly written despite the 
vast quantities of political propaganda 
which it contains. Readers in the United 
States will find the references to this 
country highly amusing. 

JOURNBY TO THB WoRLD’s EnD. 

By Hakon Mielche, William Hodie and 
Co,^ Edinburgh^ London and Glasgow, 
IIS. 6d. net. 8J x 6f; [ii] + 197 4 “ 
16 plates; 1939. 

This IS an excellent example of the right 
way to write a travel boolc. The author 
is not a scientist, and there is very little 
strictly scientific description in his work. 
He simply got tired of the monotonous 
sort of life he had been living and went to 
Cape Horn because that was the most 
remote part of the world he could think 
of. The writer has great powers of de- 
scription and a keen sense of humor, with 


the result that he has produced a work of 
universal interest, that holds the attention 
of the reader just as firmly when reporting 
the life of the night clubs of Magallones 
as when describing the flamingoes and 
ostriches of Tierra del Fuego. 

There is no authority, however, for 
combining the Spanish form of the Chris- 
tian name of the circumnavigator with 
the Portuguese form of his surname thus: 
Fernando de Magelhaes. The Portuguese 
form of Fernando is of course Fem2o. 
But good books are not wrecked by such 
details. 



Thrbb Generations. The Story of a 
Colored Family of Eastern Tennessee, 

By Charles W, Cansler, (Obtainable from 
the author^ 18 os Brandau Ape,, Knoxville, 
Tenn,'), $1.15. 8 x 5^; viii + 173; 

1939* 

This book endeavors to trace the changes 
in the social status of Negroes from ca, 
1831 to the present. The accounts of the 
first and second generations are concerned 
mostly with the position of the slave and 
the free Negro just before and during the 
Civil War. The material regarding the 
third graeration is chiefly autobiographi- 
cal. The dominating thought of the book 
appears to be an appeal to Negroes to 
acquire more education, support Negro 
schools, and unite into organizations in 
order to elevate the position of the Negro 
in society. An interesting contribution. 



Prehistory in Haiti. A Study in Method, 
Yale University Publications in Anthropology 
Number 21, 

By Irving Rouse, Yale University Press, 
New Haven; Oxford University Press, 
London, $z,^o, 9I x 7; loi + 5 plates; 
1939 (paper). 

The author presents a new systematic 
technique for historical reconstruction in 
archaeologic research. The scheme is 
applied to a reconstruction study of the 
prahistory of the Ft. Liberty region, Haiti. 
The Ft. Liberty artifacts were obtained by 
Dr. F. 6. Rainey and the writer during a 
field trip to this region. Included in this 
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mooojnaph are numerous photographs of 
the Ft. Liberty artifacts, distribution 
ubles, maps, and bibliography. 

A&quivos db Mbdiona Lboal b Idbkti- 
ncAgAO. FublicacSo OJicial do Instituto do 
IdontiHcacdo^ Ano IX-N. ly, 

PuHished under the direction of Leonidio 
Ribeiro. Imprensa National^ Rio de Jo- 
neiro. 9i x 6^; xxiii + 486 + 10 plates; 

193? (papcf)- 

In July, 1938, the first Latin-American 
Gmgress on Criminology met in Buenos 
Aires. This volume contains the ad- 
dresses, papers, and case reports presented 
at these meetings. Most of the papers 
deal with the legal and administrative 
aspects. Of interest to biologists and 
medical men are the two studies of L. 
Ribeiro, one on juvenile delinquency and 
the other a morphological study of a 
group of Negro criminals. 



ZOOLOGY 

A Bibliography of Birds. With Special 
Reference to Anatomy, Behavior, Biochemistry, 
Embryology, Pathology, Physiology, Genetics, 
Ecology, Aviculture, Economic Ornithology, 
Poultry Culture, Evolution, and Related Sub- 
jects. Part i. Author Catalogue, A to J, 
Publication 442; Part 2, Author Catalogue, 
K to Z, Publication 4$y. 

By Reuben M. Strong. Field Museum of 
Natural History, Chicago. $11.00 for 
Parts I and 1. 9J x 6J; 937; 1939 
(paper). 

The enormous amount of literature that 
has accumulated in ornithology makes this 
bibliography a valuable asset to those 
working on birds. The subtitle indicates 
the subject matter covered. Taxonomy 
and distribution have not been stressed, 
although important publications in this 
field have not been omitted. Paleonto- 
logical titles preceding the appearance of 
Lambrecht's catalo^c are included. The 
year 1916 was originally set as the limit 
of the literature covered, although later 
references have been added, but not so 


comprehensively. In other fields the com- 
piler has had to use his own judgment on 
the inclusion and exclusion of raerences, 
an attempt being made to select only those 
of value or from an accredited source. 
However, very few omissions were made 
with the older literature. In many cases 
the library in which the reference was 
found is appended — a valuable bit of in- 
formation that will save many an hour of 
fruitless searching. An extremely im- 
portant and valuable addition to orni- 
thological literature. 



Poultry Practice. 

By Leland D. Bushnell, with the collabo- 
ration of Edwin ]. Frick and Marvin /. 
Twiehaus and others. Veterinary Maga- 
zine Corp., Chicago. $1.00; in lots of 
15 or more, 80 cents. 10 x 7; 160; 1940. 
The recognition of the poultry industry 
as a billion-dollar business and the realiza- 
tion of the unnecessarily high mortality 
among both young and laying stocks of 
fowls have stirred numerous groups of 
investigators into activity. The present 
volume of 34 papers by nearly as many 
authors, gives a summary of the research 
to the present time, much of which has 
been carried out at the Regional Poultry 
Research Laboratory at East Lansing 
Michigan. 

The articles deal with the anatomy and 
the physiology of the fowl, as well as 
with the symptoms, diagnosis, etiology, 
cause, and in many cases, the cure, for 
numerous common diseases and patho- 
logical conditions. The most startling 
fact is that in many cases, even though the 
causes and the diagnosis of a disease are 
perfectly well known, there is as yet no 
reliable method of treatment or cure. A 
constant note of warning for poultrymen 
is sounded against home diagnosis and 
treatment of serious poultry diseases, and 
an attempt is made to show the necessity 
of calling in a well-trained veterinarian 
for proper diagnosis and treatment. The 
short bibliography and index will serve 
the volume well in the hands of the 
poultryman, the research worker, and the 
veterinarian. 
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Procbbdinos and Transactions of trb 
Liverpool Biological Socibty» Volumi 
LIL Session 

Edited by R. L Daniel^ with the coopera- 
tion of S- T. Burfield and W. S. Laverock. 
University Press of Liverpool, i Guinea. 

X 5f ; ix + 8o + 1 folding tables; 
1939 - 

This report includes two pa^s which 
will be of interest to the student of fish 
migration, (i) Some notes on Irish Sea 
plaice — additional data derived from mate- 
rial collected at the Lancashire Sea- 
Fisheries Laboratory in the University of 
liverpool during the period i^8-xi and 
first reported on in 1911. This material, 
which is concerned with the age, sex 
ratios, and distribution of fish during the 
different age periods, shows that the 
females generally leave the nursery when 
three years old and do not arrive at the 
spawning ground until four years old, 
while the majority of the males migrate 
directly to the spawning ground. (1) 
Salmon of the Chesnire Dee, 1937 and 1^38. 
This is the first of a series of investigations 
(covering a 5-year period) on* the annual 
adult salmon ^pulations of the Cheshire 
Dee. Many tables exhibit data for both 
of these papers. Graphs, diagrams and 
rrference lists are included. 



The Larval Trbmatoda Found in Cer- 
tain South African Mollusca: With 
Special Reference to Schistosomiasis (JBiL 
hartfasis). Publication of the South African 
Institute for Medical Research No. XLII 
IVol. VIII). 

By Annie Porter. South African Institute 
for Medical Research, Johannesburg. Free, 
loi X -f 83 plates -f- i map; 

1938 (paper). 

This very fine survey of the larval trema- 
todes of South Africa contains, aside from 
the systematic descriptions, much general 
information concerning geographical dis- 
tribution, mo^hology of cercariae (final 
larval stagp of the worms), infestation of 
molluscs, man and some vertebrates, life 
cycle of a human schistosome, etc. The 
vast bulk of the work was done with 


living material. It was found that some 
cercariae only emerged from the snails 
during relatively restricted times (6 a.m. 
to 7 A.M., others at ix midnight to x a.m., 
and these usually were dead by 6 a.m.), but 
others passed out during all hours of the 
day. A complete list of the molluscs is 

f [iven; also a lengthy table showing mol- 
uscan associations, number of specimens 
examined, and types of trematode infesta- 
tions found. The student and particu- 
larly the investigator will find this com- 
prehensive study with its numerous draw- 
ings, charts, and lengthy bibliography of 
great value. It would seem to have 
merited an index. 



The Marine Deposits of the Arabian 
Sea. An Investigation into Their Distribu- 
tion and Biology. The John Murray Expedi- 
tion Scientific Reports. Volume 

III, No. 2. 

By H. G. Stubbing. British Museum 

(Natural History'), London. 15s. ix x 
1x8 + 4 plates + 4 charts; 1939 
(paper). 

Crinoidea. The John Murray Expedition 
19^3- 34» Scientific Reports. Volume IV ^ 
No. 4. 

By Austin H. Clark. British Museum 

(Natural History), London, is. ix x 
9i; + I plate; 1937 (paper). 

The first of these surveys consists of 185 
samples of deposits from 13 1 stations. 
Included in the report is the distribution 
of the main types of marine deposits ob* 
tained from earlier reports — also a survey 
of the region of Zanzibar. References, 
maps, and illustrations of sample deposits 
add to the usefulness of this very excellent 
report. 

Sixteen species of Crinoids were col- 
lected Indian Ocean). Of this number 
5 were new and one represented a new 
genus. The author has included in the 
present list all of the crinoids known in 
the seas from the west coast of Ceylon to 
the west coast of India. A bibliography 
of 48 titles is included and illustrations 
of the five new species. 
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Thb Migration ov Ambrican Biriim. 

Bjy Fredirick C. Lincoln* Illustrated by 
LmIs Aysssit, Fumes* Doubleday ^ Doran 
and Co. 9 New York* $4.00. 10 x 7^; 
xii + 189 + II plates; 193Q. 

The author of this book has devoted many 
pars to the subject of bird migration. 
His position in the Biological Survey has 
made him the focus for all bird migration 
records in the United States. From the 
wealth of data now in the files of the Sur- 
v^ the migration of North American 
birds is fairly well mapped out. Al- 
though the origin of migration is a prob- 
lem not yet solved, the routes, time of 
arrival and departure, distances covered, 
etc., are all well known for most of our 
birds. The mechanics and dangers of 
migration, the flyways systems, the differ- 
ent types of migration are some of the 
major topics. In the chapter on bird 
banding is a series of the more interesting 
banding operations which reveal not only 
the remarkable distances traversed by the 
birds, but also give interesting clues to 
their duration of life. There are several 
color plates and maps. 



La MicANiQUB DU Poisson db Rivi&rb. 
Oualith Nautiques du Poisson; Ses Mlthodes 
Locomotrices; Ses Capacitfs; Ses Limites; 
Rlsistances du Fluide; Effet de la Vitesse^ de 
la Rente; Rlsistance de Seuil* 

By G* Denil. Goemam^ Imprimeur du 
Roif Bruxelles. 9^ x 6J; 395; 1938 
(paper). 

In this account on the mechanics of fish 
the writer discusses first the shape and 
locomotion of the fish, admirably built 
for their aquatic existence; second, the 
physical obstacles imposed by the water 
which the fish has to overcome; and third, 
the application of known physical prin- 
ciples and laws of water and bodies in 
water to the construction of fish ladders 
that permit their crossing over man-made 
barriers. There are three forces working 
against the fish — that of speed of the 
water, the slope of the flow (^the presence 
of such a force is elaborately described) 
and a force which the writer calls rhis- 
tance de seuil* An important contribution 
to a little known phase of fish study, of 
necessity rather technical. 


Thb Book of Fishes. Revised and En^ 
larged Edition^ Presenting the Better Known 
Species of Food and Game Fishes of the 
Coastal and Inland Waters of the United 
States* 

Edited by John 0 * La Gorce* National 

Geographic Society^ Washington^ D. C* 

$3.50. 10 X 6i; 367; 1939. 

No one with a grain of sporting blood can 
glance through the pages of tnis volume 
without wanting to try out his flies and 
plugs. But the book not only holds 
fascination for the angler but for the 
biologist as well. Descriptions and life 
histories of the most important of the 
marine inhabitants of the United States 
are presented by some of the foremost 
ichthyologists of this country. They tell 
of the anatomy, distribution, reproduc- 
tion, methods of catching, and commer- 
cial importance of these forms, besides 
countless other points of interest. The 
chapter entitled “Market Fish Have 
Many Names” will be a revelation to the 
gourmet. The book closes with an in- 
teresting article on fossil fishes. The 
written material is augmented by about 
400 excellent drawings in color and action 
photographs. There is a thorough index 
to the volume. 



Introduction to Vertebrate Zoology. 
By William H* Atwood. C* V* Mosby 
Co*y St, Louis* $3.75. X 5i; 511; 
1940. 

One of the most complete textbooks of the 
vertebrates that has come to the reviewer’s 
attention. The term “Vertebrata” is 
construed in the broadest sense to include 
the lancelets, the ascidians, and the 
Enteropneusta, which since the admission 
of King Phoronis himself, has become 
quite a home for incurables. 

Within the phylum a great deal of atten- 
tion is given to unusual forms, such as the 
ostracoderms, the lungfishes, the extinct 
amphibians and reptiles, the tinamore and 
the hoatzin (many systematists will dis- 
agree with the author’s opinion of the 
taxonomic position of these), the exotic 
marsupials, the Galeopithecidae, etc. The 
embryology as well as the adult anatomy 
of all these is discussed, and various 
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theories of derivation are detailed. This 
is far more than a laboratory manual; it 
is a useful work of reference. 



Eybs in the Night. 

By Tappan Gregory. Thomas Y. Crowell 

Co.f New York. $3.50. 9 x 6J; xi + 

Hif 1939- 

This volume includes nearly 50 night-time 
photographs of most elusive and beautiful 
wild animals — ^from the tiny field mouse 
to the mountain lion. Mr. Gregory, a 
Chicago lawyer, has made expeditions 
into Mexico and other out of the way 
places in quest of wild animals. He has 
photographed wolves in Louisiana, baby 
foxes in Illinois, black bear and deer in 
northern Michigan, as well as mice and 
squirrels in his own back yard. 

The text describes the pictures and how 
they were achieved. Also there are de- 
tailed descriptions of different kinds of 
apparatus used. All of the photographs 
are interesting and excellent ^ their kind 
and many are unusually beautiful, espe- 
cially those of the deer. 



Principbs db Zoolooib Aoricolb. Col- 
lection Armand Colin No. 

By Paul Vaysstire. Armand Colin^ Paris. 

IS francs (paper); 17.50 francs (cloth). 

6t X 4i; 1x4; 1940. 

The great economic loss to agriculture 
which results from animal infestations 
inspired the publication of this volume. 
The author feels that his own country, 
France, is particularly backward in re- 
search in tms field, and hop^ that his 
review of the problems will direct atten- 
tion toward their solution. He shows the 
complexitv of the interrelation between 
plants ana animals, and discusses the con- 
trol of plant parasites by means of physi- 
cal factors Oethal temperatures, etc.), 
biological factors (parasites of the de- 
structive organism), and chemical factors. 
Further chapters d^cribe the distribution 
and dispersion of agricultural pests and 
the problems encountered in dealing with 
nematodes and migratory insects. 


Natural History and Mbthod of Con- 
trolling THB Starfish (Astbrias forbbsi, 
Dbsor). U, S. Department of the Interior. 
Bureau of Fisheries. Bulletin No. 31. 

By Paul S. Galtsoff and Victor L. Loosan- 
off. Government Printing Offlee^ Wash- 
ington. 10 cents. II X 7I; 58-1-4 
plates; 1939 (paper). 

The sudden increase in the starfish popu- 
lation in shellfish areas has generally been 
regarded by oystennen as an “invasion." 
The erroneousness of this notion has been 
demonstrated by the authors of this 
bulletin, who have surveyed the numbers 
of starfishes and the changes in their dis- 
tribution in Buzzards and Narragansett 
Bays, Long Island Sound, and lower 
Chesapeake Bay. The movements of star- 
fishes are extremely slow, and quite 
limited in extent. Local increases in 
their numbers should be attributed pri- 
marily to the increased rate of propaga- 
tion and survival of the local stock. 



Animals Are Like That I 
By Frank Buck with Carol Weld. Robert 
M. McBride and Co.^ New York. $1.50. 
8J X 5J; 140 + 15 plates; 1939. 

Once again “Bring 'Em Back Alive" 
Frank Buck writes of his animal acquaint- 
ances both roaming and behind bars. In 
this book he describes his elephant friends 
whom he considers the most intelligent of 
all beasts, devoting other chapters to the 
amusing antics of apes and monkeys, 
lions and tigers, and numerous other 
jungle inhabitants. The work is a record 
of continuous activity, of conquering and 
living in close quarters with animals both 
in captivity and in their native habitat, 
and contains much unusual and interesting 
information. 



The Quadrat Method of Studying 
Small Mammal Populations. Scientific 
Publications of the Cleveland Museum of 
Natural History. Volume F, Number 4. 

By B. P. Bole^ Jr. Cleveland Museum of 
Natural History ^ Cleveland. $1.00. 9t 
x6;63;i939(pap«> , , 

In the studies of small mammal popula- 
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tionSy especially when dealing with total 
numixrs present, various traj^ing tech- 
niques have been developed, inese meth- 
ods are reviewed by the writer who con- 
cludes, as a result of his own experiments 
and studies, that the quadrat method is 
the best. The larger the quadrat the more 
accurate the results. More than one 
quadrat should be used, but they should 
not be placed too close together, nor 
should any one encompass different eco- 
logical areas. The results of systematic 
trapping of small mammals in Ohio arc 
summarized. 

* 

British Blood-Suckino Flies. 

Bjf F. IV, Edwards^ H, Oldroyd^ and J. 
Smart, British Museum (Natural His- 
tory)^ London. 15s. 10 x 6}; viii + 

156 + 45 plates; 1939. 

The blood-sucking Sics of the British 
Isles are fully described in this beautifully 
illustrated volume. Each of the three 
authors has taken a separate sub-order 
(Ncmatoccra, Brachyccra and Cyclorrha- 
pha) and has listed the species to be found 
within the prescribed range, their habits 
and peculiarities, and in some cases, 
descriped some new forms. In addition 
to the illustrations, there are keys and 
bibliographies that together make this 
volume a noteworthy contribution to the 
entomology of Great Britain. 



Fleas op Eastern United States. 

By Irving Fox. Iowa State College Press^ 
Ames^ Iowa. $3,00. Sf x 6; vii + 191; 
19^0. 

Detailed descriptions of all the Siphonap- 
tera found cast of the one-hundredth 
meridian are given in this book. Numer- 
ous drawings show the principal identify- 
ing structures. In a brief introduction 
the author gives the general morphology, 
methods of collection and preservation, 
and methods by which these parasites 
can be controlleo. In view of the medical 
in^rtance of fleas and the general lack of 
information concerning them, the book 
will probably have ready acceptance. 


Voices prom the Grass. 

By Julie C.-Kenly, Illustrated by Henry 
C. Kenly. D. Appleton-Century Co.^ New 
York and London. $x.oo. yf x 5); 
xvii + 148; 1940. 

Another book written for the young on 
the fascinating behavior of the insect 
world. Mrs. Kenly tells the story of the 
spider, the ant, the firefly and of many 
other familiar yet mysterious creatures. 
The book is documented and indexed and 
illustrated with simple black and white 
drawings. 



The Tetrapod Reptiies op Ceylon. Vol- 
ume I, Testudinates and Crocodilians. Cey- 
lon Journal of Science, Colombo Museum 
Natural History Series. 

By P, E, P. Deraniyaiala, The Director^ 
Colombo Museum^ Ceyton; Dulau and Co.^ 
London. Rs. 10, or in England, 15s. 
9J X 7i; xxxii + 411 + 14 plates; 1939. 
Much careful work has gone into the 
preparation of this volume which dis- 
cusses history of local herpetology, col- 
lecting, classification, orders of Reptilia 
in Ceylon, etc. The larger part of the 
report is concerned with the two sub- 
orders of Testudinata — Athecoidea and 
Thccophoroidea — and with the order 
Emydosauria. Many text figures and 
plates are included, also tables of meas- 
urements (6i), a systematic index, glos- 
sary, a lengthy bibliography, and indexes 
of both English and scientific names as 
well as author’s index. 



The Amphibia and Reptilia op Oregon. 
By Kenneth Gordon. Oregon State College^ 
Corvallis^ Oregon, 50 cents. loj x yj; 
8l; 1939. 

Herein are given the description, ran^, 
habitat of the amphibia and reptiles 
knov^ to occur in Oregon and a few that 
probably are to be found in that state, 
lliere are keys and illustrations as an aid 
in identification, a bibliography, as well 
as introductory notes on distribution, 
snake bites, etc. 
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A CoKTRlBUnON TO THE HeRPBTOLOOY OP 
Florida. University of Florida Publica- 
tion. Biological Science Series^ Vol. Ill 
No. I. 

By Archie F. Carr ^ Jr. ^ University of Flor- 
ida^ Gainesville. $1.35. 10 x 7; [4] + 
118; i94o(pap^). 

An annotated list, with notes on life 
histories, abundance, and range. There 
is an extensive discussion of the derivation 
and distribution of this fauna, a key, a 
bibliography, but no illustrations. 

Birds of Eastern Newfoundland. Sci- 
entific Publications of the Cleveland Museum 
of Natural History. Volume IF, Number 2. 
By John W. Aldrich and David C. Nutt. 
Cleveland Museum of Natural History^ 
Cleveland. 50 cents. 9^ x 6; 30; 1939 
(paper). 

The birds of eastern Newfoundland are 
listed with the description of two new sub- 
species, the Newfoundland black-capped 
cnickadee and the black-backed robin. 
There is a bibliography and a brief intro- 
duction. 



ZooLooiCA. Scientific Contributions of the 
New York Zoological Society . Volume XXIF, 
Part 4y Numbers 27-31. 

New York Zoological Society. Zoological 
Park^ New York. $1.40. io| x 7; 119 + 
5 plates; 1939 (paper). 



BOTANY 

American Husbandry. 

Edited by Harry J. Carman. Columbia 
University Ptess^ Momingside Heights^ 
N. Y. $3.00. 8i X 5i; Ixi - 1 - 582.; 

1939- 

A reissue of a volume that first appeared 
in 1775 — author unknown. The soil, 
climate, agricultural products, and prac- 
tices of English colonies in America are 
described in Nova Scotia, Canada, the 
Atlantic states, the West Indies, and 
the Ohio and Mississippi valleys. It is 
pointed out that the navigability of the 


Mississippi and Ohio rivers together with 
the fertility of the soil and its suitability 
for raising valuable staples make this 
rerion one of peat potential wealth. 

Two critical reviews of the book, the 
first appearing in 1776 and the second in 
1918, arc included. The most probable 
author of the volume is discussed in the 
review (1918) by Lyman Carrier and in a 
report by Harry J. Carman. The former 
holds the author to be Dr. John Mitchell, 
a botanist who lived in both England 
and America. The latter holds that 
methods of historical detection must cause 
us to discard Dr. Mitchell and leave the 
writer in the limbo of the forgotten. 



The General Aspects of the Vegetation 
OF Europe. 

By Marietta Pallis. Taylor and Francis^ 

London. 3s. 6d. net. 9^ x 6i; [6] + 

66+1 folding table; 1939 (paper). 

The main thesis of this study, with the 
vegetation of Great Britain, Roumania 
and Greece taken as representative of the 
state of the vegetation in Europe pncrally, 
is that, except above the altitudinal tree- 
level, the natural vegetation was forest 
and that grassland and other forms of 
degraded vegetation spread by the inter- 
ference of animals and man. Among the 
author's conclusions and surmises are: 

Schimper’s forest climate necessarily antedates the 
dicotyledonous tree in the Upper Cretaceous. There 
has probably been a forest period since then— almost 
unbroken forest— in Europe at any rate, excluding the 
Ice Age of the Pleistocene, after which there wm 
re-establishment of the forest as the dominant cosmic 
formation. . . .Primitive vegetation is more often 
simple with one dominant, but where the flora is 
rich there may be several. De^aded vegetation is 
usually complex, with no dominant, but instead a 
veering multitude of species. . . .Extinction may come 
through external causes or, it is suggested, through 
constitutional change— senescence— as regards both 
the vegetative and the sexual reproductive process. 



Field Trials. Their Lay-out and Sta- 
tistical Analysis. 

By John Wishart. Imperial Bureau of 
Plant Breeding and Genetics^ School of 
Agriculture^ Cambridge. 6d. 10 x 8}; 
36; 1940 (paper). 
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The iiHioimt of any given kind of seed at 
the disposal of a plant breeder is fre- 
gently very limited. And, as ev<^ 
experimenter knows, this makes it dim- 
CUlt to obtain data on yield that is free 
from experimental error on the one hand 
and from seasonal or soil differences on 
the other. A great deal of error and 
expense can be avoided, however, by care- 
ful planning of experiments. Some meth- 
ods of arranging neld trials are suggested 
in this bulletin, and correct methods of 
working-out and interpreting the result- 
ing data are outlined. There are sections 
devoted to the methods of randomi2ed 
blocks and Latin-square planting, to 
multiple-factor experiments, to “confound- 
ing,** and to experiments with large num- 
ber of varieties. 



Thb T&ansvbrsb Rbactions of Plants. 
Outlines of a New Interpretation of the Sig- 
nificance of Growth Hormones for Life-Proc- 
esses in Plants. 

By Georg Borgstrom. Einar Munksgaard^ 

Copenhagen; C. W. K. Gleerup^ Lund; 

Williams and Norgate^ London. Dan. 

Kr. 7.50. 9i X 6J; 130; 1939 (paper). 
This publication outlines a hormonal 
interpretation of life-processes in plants. 
The discussion is based upon experimental 
work performed by the author and upon 
research work of others. The concept set 
forth is that reactions in plants can be 
fully explained by a transverse hormonal 
action. The response of the plant or- 
ganism to its environment is the resultant 
of polar and transverse hormonal action. 
The polar component is, by and large, 
responsible for longitudinal growth. The 
transverse component is responsible for 
phototropic, geotropic, temperature, 
mechanical, and specific substance reac- 
tions. This hypothesis allovrs a new 
interpretation to be given to the mutual 
correspondence of external factors. 

The text contains 58 figures, an extensive 
bibliography is present, and English, Ger- 
man, and Russian summaries are appended 
at the end of the report. 


A Manual of thb Livbbwoxts of Wbst 
V ixoiNiA. Reprinted from **The American 
Midland Naturalist^** Vol. 2^, 

By Nelle Ammons. The University Press^ 
Notre Dame^ Ind. (Obtainable from the 
Editorial Office of the American Midland 
Naturalist.) $1.75. 9i x 6; 164; 1940. 
Livbrwobts of Southbbn Michigan. 
Bulletin No. 17. 

By William C. Steere. Cranbrook Institute 
of Science^ Bloomfield Hills^ Mich. 50 
cents (paper); $1.00 (cloth). 9x6; 97; 
1940. 

Both of these manuals are excellent; that 
dealing with the liverworts of West 
Virginia (with its lengthy bibliography) 
is rather for the advanced student than for 
the beginner. The Michigan manual will 
be found an excellent introduction for 
those wishing a guide to the commoner 
members of the liverwort family. Both 
are illustrated and contain keys, glossaries, 
and indexes. 



La Rbproduction chbz lbs Plantbs. 

By Roger Heim. Librairie Armand Colin^ 
Paris. 15 francs (paper); 17.50 francs 
(cloth). 61 X 4§; 119; 1939. 

A studv of the reproductive processes of 
plants brings to light more facts concern- 
ing plant biology and natural history than 
that of any one of the other physiological 
processes. This fact is more fully ap- 
preciated when it is reali2ed that the 
classification of plants, and particularly 
the higher ones, depends largely upon the 
morphological characteristics associated 
with reproduction. Upon this funda- 
mental basis, M. Heim has developed a 
most interesting discussion of plant re- 
production. The age-old principle of 
alternation of generations for each phylum 
of plants is discussed in the light of evolu- 
tion, morphology, physiology, and cytol- 
ogy. The text is well illustrated and 
documented, and the factual material is 
brilliantly augmented by the abundance 
of pertinent examples drawn from the 
author’s own experience. 



Bactbrioloot. Clio Medica. 

By William W. Ford. Paul B. Hoeber, 
Inc., Medical Book Department of Harper 
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and Bros., New York and London. $x.jo. 

6^ X 4 ; xi + 207; 1939. 

Dr. Ford has written a chronological story 
of the growth of man’s knowlrage about 
bacteria. He presents not just the high 
lights alone — the classical experiments — 
but also the observations and deductions 
which ate the foundations of the great 
discoveries. The picture of the changing 
relationships between bacteriology and 
other scientific fields, a fine study of give 
and take, is especially interesting not 
alone because Pasteur was first a chemist, 
but even more because of the important 
part played today by bacteriology in, for 
example, preventive medicine, therapeu- 
tics, the preservation of foods, and 
agriculture. 

Adaptation and Origin in the Plant 
World. I. Factors and Functions in Coastal 
Dunes. 

By Emmett V. Martin and Frederic E. 

Clements. Carnegie Institution of Wash- 
ington^ Washington^ D. C. 50 cents. 10 

X viii + 107 + 5 plates; 1939 (paper). 
The prevailing assumption that xcrophyt- 
ism in plants is most marked by leaf 
transformation is attacked in this study. 
Quantitative measurements were made on 
pants growing in several dune habitats 
and in a control habitat. It was found 
that plants grown in fertilized soil have, 
on the average, thicker leaves. The num- 
ber of stomata varied so greatly among the 
several species that it was impossible to 
formulate a general rule. The same was 
true as regards transpiration. Extensive 
tables of the values for habitats used in 
the course of this research arc given; 57 
titles are included in the bibliography, 
and 31 illustrations and 5 plates are 
appended. 



Espbribnzb Sulla Produzionb Dboli Olii 
PER Via Microbiologica Hel Quadro 
Autarchico dell' Atfrovvigionamento dei Grassi 
in Italia. " I. II Lavoro Agricolo e V Autarchia. 
By P. G. Garodio and Kaffaele Ciferri. 
Confederaxfone Fascista dei Lavoratori 
deir Agricoltura^ Roma. 3 Lire. 9! x 
355 1940 (paper). 


In this paper the authors give a summary 
account of a series of experiments designed 
to compare the fat content of several 
species and genera of fungi. Six species 
of Mucor^ 6 species of Penicillium and 3 
species of other assorted genera were 
cultivated under comparable conditions 
and the quantity and physicochemical 
properties of the fats extracted were 
assayed. The authors conclude that the 
commercial production of fats from micro- 
organisms is feasible, and recommend its 
adoption as part of the present Italian 
efforts towards economic autarchy, A 
short bibliography is appended. 



Growing Plants in Nutrient Solutions: 
or Scientifically Controlled Growth. 

By Wayne I. Turner and Victor M. Henry. 
John Wiley and Sons, New York; Chapman 
and Hall, London. $3 .00. 9x6; xiii + 
154 + 3 plates; 1939. 

In order that the lay reader might better 
understand soilless plant culture, the 
authors have included in this book the 
fundamentals of plant physiology and of 
the necessary cnemistry. Although a 
large part of the volume is devoted to 
nutrient culture on a commercial scale, 
the window-box farmer is not neglected. 
Detailed instructions are given for the 
construction of benches and tanks, and 
for the mixing and testing of formulae. 
The authors advocate replenishing used 
solutions rather than discarding them, and 
they include a chapter on the recognition 
of plant deficiencies. The written ma- 
terial is clarified by numerous photographs 
and diagrams. 



Expbrimbntbllb Cytologib. 

By Hans H. Pfeiffer. Chronica Botanica 
Co., Leiden; G. E. Stechert and Co., New 
York. 7 guilders or about $3.70. 9^ x 

6i ; xii + 143 ; 1940 (paper)- . , 

This work is confined entirely to the plane 
cell, its physical properties, morpholo^, 
aging and necrosis, and experiments with 
vital stains. Emphasis has been placed 
on the more recent studies. The author 
plans to treat the chemical, genetic and 
cytophysical aspects in later volumes. 
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The present work is Volume 4 of the New 
Series of Plant Science Books^ edited by 
Frans Vcrdoom. 



MORPHOLOGY 

Functional Human Anatomy. 

By Cleveland P, Hickman. Illustrated by 
Frances M. Hickman. Prentice-Hall^ Inc.^ 
New York. $3.75. 9x6; xxxv + 501; 
1940. 

It would seem that there is just cause in 
the academic world for welcoming this 
excellent text. That there is need for such 
a volume requires no emphasis. Its aim 
is to present to students of elementary 
human anatomy a functional interpreta- 
tion of bodily structures . No preliminary 
training in the biological sciences on the 
Mrt ot the student has been assumed, 
^e material has been divided into two 
parts. The first emphasizes the descrip- 
tive and applied assets of the subject; 
the second deals with the practical study 
which the student is called upon to do for 
himself. Since the student of elementary 
anatomy is not ready to dissect the actual 
structures of the human body, the practical 
study has centered around a mammal, such 
as the cat. 

The illustrations have been made with 
considerable care and forethought . Much 
information of anatomical value will be 
found in the appendices, and the work 
concludes with a list of practical review 
questions, a glossary of technical terms, a 
list of references, and a carefully prepared 
and complete index. 



A Brief Anatomy of the Turtle. 

By Glenn A. Noble and Elmer R. Noble. 
Stanford University Press^ Stanford Uni- 
versity^ Calif.; Oxford University Press^ 
London. $1.00. x 3J; viii + 48 
11 plates; 1940 (paper). 

The turtle, as a representative of the class 
Reptilia, has long been used in zoology 
and comparative morphology courses. 
This book, based on a study of the Cali- 
fornia mud turtle, Clemmys marmorata^ is 
intended for use as a brief but adequate 


laboratory guide in such courses. The 
first part of the book is devoted to a dis- 
cussion of the organ systems; the latter 
part, to plates illustrating these systems. 
Most stress is laid on the muscular, circula- 
tory, nervous, and skeletal systems; the 
digestive, respiratory, urogenital, and 
endocrine systems and the embryology of 
the turtle are treated in less detail. A 
bibliography is included. 



PHYSIOLOGY AND PATHOLOGY 

A History of Tropical Medicine: Based 
on the Fitzpatrick Lectures Delivered before 
the Royal College of Physicians of London 
19^7-38. In Two Volumes. 

By H. Harold Scott. Williams and Wil- 
kins Co.^ Baltimore. $11.50 per set. 9 x 
5i; xix •+• ix + 1165 + 13 plates; 1939. 
This history of the so-called tropical 
diseases fittingly begins with the progress 
of hygiene in the navy, mercantile marine, 
and army (particularly the English), the 

g srsonnel of which were among the first 
uropeans to come into contact with these 
diseases, and sometimes to cause their 
introduction into the home country. 
Instances are cited to show how expeai- 
tions, campaigns, and battles were lost due 
to the incapacity or death of troops by 
malaria, yellow fever, dysentery, etc., 
together with methods carried out to 

{ Tevent these losses to the time of the 
talo-Abyssinian war in which, among 
500,000 Italian troops only 1141 cases of 
prima^ malaria and only 13 deaths from 
this disease were reported. 

Then the author treats the diseases — 
malaria, blackwater fever, yellow fever, 
trypanosomiasis, leishmaniasis, leprosy, 
cholera, plague, undulant and relapsing 
fevers, melioidosis, dengue, amoebic dys- 
entery and hepatitis, ankylostomiasis, and 
the avitamosc diseases— separately, with 
regard to early history, incidence and 
spread (including areas other than tropic), 
records of outbreaks, history of research 
on the causative bacillus and mode of 
transmission, measures for control and 
cure. Concluding chapters tell the story 
of the construction of the Suez and Panama 
canals, the r 61 e of the slave trade in the 
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spread of disease, and the lives of a few 
men with claims of renown in the field of 
tropical medicine and sanitation. 

A philosophic trend, with particular 
emphasis on social and economic implica- 
tions, runs throughout the book. Much 
of it, particular!;^ references to personali- 
ties connected with research on causative 
agents and methods of control, reads like 
a romance — the triumph over yellow fever 
and the building of the Panama canal are 
the classical examples. 

This is a solid, scholarly work, but it is 
regrettable that the bibliography (only 
8J pages) has not been extcndccl. Author 
and subject indices have been supplied. 



The Mammoobnic Hormonbs of the 
Anterior Pituitary, f. The Duct Growth 
Factor. University of Missouri. AgricuU 
tural Experiment Station. Research Bulletin 
^ 10 . 

By A. A. Lewis and C. W. Turner. 

University of Missouri^ Columbia. Free. 

9x6; 71; 1939 (paper). 

There appear to be two factors in the 
mammogenetic hormone secreted by the 
anterior pituitary, one of which stimu- 
lates the growth of the duct system and 
the other the lobule-alveolar system of the 
mammary glands. It is with the former 
of these that this study is concerned. 
Among the findings obtained from 545 
cattle pituitaries assayed for their content 
of the duct growth factor of mammogen 
were: 

The mammogen content of AP from pregnant 
dairy and beef cows was found to be low in early 
and late pregnancy, rising to a peak at about 150 
days. . . .Non-pregnant cows were found to have an 
appreciable amount of mammogen in the pituitary, 
lue content was highest in lactating dairy cows. . . . 
Two beef heifer groups, with corpora lutea, had 40 
to 60 per cent more mammogenic hormone per AP 
than did pregnant beef cows at the 130 day peak. A 
similar poup of beef heifers with only follicles in 
the ovaries had a low content of mammogen in the 
AP. . . .Dairy steers had 83 per cent as much mam- 
mogen per AP lobe as did ary non-pregnant dairy 
cows, with follicles. Beef steers weighing ^00 to 
700 and over 700 pounds had a low content of mam- 
mogen in the AP. . . .Fetal pituitaries contained an 
appreciable amount of hormone. 

Data arc also reported for smaller num- 
bers of rabbits, mice and ^ound squirrels. 
A bibliography is appenora. 


Die Bxolooischb Rbaktion. Eine funkr 
tionelle Analyse und Synthese biometrischer 
Werte z.ur Zahlenmdssigen Erfassung von: 
Allergie^ allgemeiner Resistenz^ spezifischer 
ResistenZf Krankheitsintensitdt, Extensitdt 
aktiver Herde^ Immunitdt. 

By 0 . H. Bucher-Trumpler and C. C. Hofflin- 

Karwatzki. Verlag Hans Huber^ Bern. 

4x.8o francs; R.M. 2.5.70. loj x yj; 167; 

1939* 

This treatise grounds itself upon a sort of 
quantified pathometric index for tubercu- 
losis, derived fundamentally from diflfer- 
ential leucocyte counts with and without 
stimulation by tuberculosis. The scheme 
for computing and combining the variables 
involved is a complicated one, that is 
explained with something short of easy 
and complete clarity. Tnc bulk of the 
book is devoted to detailed discussions of 
individual cases of tuberculosis, with 
colored graphs of bewildering complexity 
showing the course of the variables and 
derivative biometric data from them 
accompanying the text account of each 
case. The interest of the book is for the 
clinical worker in tuberculosis. It obvi- 
ously represents an enormous amount of 
careful, serious and sincere work. But in 
our opinion it will be necessary, before the 
author’s ideas can be intelligently applied 
or evaluated by others, for someone 
competent in mathematics, statistics, and 
clinical medicine to take time off and 
present a simple, clear, and straight- 
forward account of just exactly what the 
technique is, and how it is to be used. 
The present treatise, in short, is obscure. 
It is ^autifully printed. 



On Oxidation, Fermentation, Vita- 
mins, Health and Disease. The Abraham 
Flexner Lectures^ Series Number Six. 

By Albert V. Szent-Gyorgyi. Williams 
and Wilkins Co., Baltimore. $i.oo. 8 x 
5i; xi + 109; 1939. 

Five lectures delivered by the author in 
1939 at Vanderbilt University are em- 
bodied in this volume. The first four 
summarize his well-known biochemical 
investigations on oxidation and cellular 
and tissue respiration. Taking as his 
starting point the elementary formula for 
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the oxidation of carbohydrates the author 
almost painlessly introouces the reader to 
what is probably the most complex aspect 
of biochemistry. In clear and concise 
terms he first describes the fundamental re- 
searches of Warburg and of Wieland and 
then outlines his own studies which» 
among other things, led to the discovery 
of ascorbic acid. The last lecture con- 
tains an interesting discussion of vitamins 
and their bearing on health. Two some- 
what novel views on the subject arc 
advanced. The first is that the lack of a 
vitamin forming mechanism in man is 
another indication of his descent from a 
creature that lived in a region rich with 
vegetation. The second refers to the 
human requirements of vitamins. The 
belief is expressed that the administration 
of larger than the usual therapeutic 
amounts of vitamins would serve to in- 
crease bodily vigor and promote health; 
therefore, a plea is made for more investi- 
gations on the optimum dosages of vita- 
mins for man. 


Food Control: Its Public-Health Aspects. 
A Manual for Regulatory Officers^ Food 
Technologists^ and Students of the Food 
Industry. 

By Jams H. Shrader. John Wiley and 
Sons^ New York; Chapman and Hall^ 
London. $4.00, 9 x 5!; ix + 513; 


^ 939 - 

The large consumption of processed, pre- 
served, and stored food by urban popula- 
tions has made their control an important 
public health measure. The writer points 
out that it is not only the duty of public 
health administrations to see that un- 
tainted food reaches the consumer but 
that these should also be within certain 
nutritional limits. The book is primarily 
a practical manual of food inspection and 
food laws enforcement. It should be 


exceedingly valuable to public health 
workers, food inspectors, and food in- 
diutriadists. The subject matter presented 
will aid in conserving funds by showing 
the most practical methods of control for 
ffiven expenditures. Two appradices 
dealing with the equivalence of vitamin 
units and a digest of the new federal 


statutes concerning foods, drugs, and 
cosmetics are present. The book is well 
documented and indexed. 


PicTURB OF Health. 

By James Clarke. Illustrated by Guy Rowe. 

The Macmillan Co.^ New York. 60 cents. 

7ix 5; 1x5; 1940. 

It is strange but true that most discussions 
of health deal with the subject from a 
negative aspect; that is they usually deal 
with the cause, cure, and economic im- 
portance of bad health. In the present 
volume, however, the author has de- 
veloped his discussion around the positive 
aspects of health — ^his thesis being that 
health is the culmination of all normal 
physiological processes and activities. 

The volume is intended for popular 
consumption. The discussions of the 
digestive, circulatory, respiratory, excre- 
tory^, and nervous svstems together with 
their activities ana functions are ouite 
frank, yet entirely devoid of the unpleas- 
antness which many lay readers associate 
with a study of their ‘‘insides.** 

The simplicity of the terminologies, the 
pertinence of the examples and analogies, 
the clarity of the illustrations, as well as 
the list of books for further reading tend 
to make the volume a noteworthy contri- 
bution in the field of health as related to 
every-day living. 


Studies in the Development of Youno 
Children. 

By Nancy Bayley. University of Cali- 
fornia Press, Berkeley. 35 cents. x 

5i; vii + 43; 1940 (paper). 

In the introduction the author states that 
a “study of growing children must be as 
continuous as growth itself." It was 
with this idea in mind that the ten-year 
studies on the mental and physical de- 
velopment of 61 Berkeley infants (30 girls 
and 31 boys), bom in the same year 19x8- 
X9, were carried out. All the children 
selected were bora in hospitals; all were 
white, and nearly all, of North European 
or early American stock; also, only those 
infants whose parents expected to make 



NEfV BIOLOGICAL BOOKS 


587 


Berkeley their homes for many years to 
come were included in the study. In 
spite of this latter fact, the numncr of 
cnildren diminished until at the end of 
the ten-year period there were 48. 

The subjects studied include home and 
family factors, early illnesses, growth in 
size, trend of bone development, growth 
in intelligence, development of person- 
ality, and such factors as would have 
retarding or favoring influences on de- 
velopment. The results as they were 
obtained from month to month and year 
to year are briefly compiled; graphs and 
photographic plates are included. 



Food and Life. Yearbook of Agriculture 
I9S9- 

t/. S, Department of Agriculture, U, S, 

Government Printinf^ Office^ Washington, 

$1.50. 9 X 5i; XV + 1165; 1939. 

Readers so literal as to expect these year- 
books to be annual summaries of govern- 
mental statistics will be pleasantly 
surprised to learn that they oeal with 
difierent topics from year to year, and in a 
remarkably attractive way. The year- 
books for 1936 and 1^37 summarized what 
is known about the improvement of crops 
and livestock through breeding; the one 
for 1^38 devoted similar efforts toward 
illuminating the subject of **soils and 
men.” The latest one, an encyclopedic 
collection of 58 essays, seeks to be as 
informative as possible about man’s pres- 
ent knowledge of nutrition. One-third 
of the book discusses the nutrition of 
human beings; two-thirds of it, dealing 
with the nutrition of animals, contains 
much information of fundamental value 
with regard to human nutrition. A 94- 
page summary serves as an introduction. 



Virus and Rickettsial Diseases: With 
Especial Consideration of Their Public Health 
Significance. A Symposium Held at The 
Harvard School of Public Healthy June i2r- 
June J7, 1999. 

Harvard University Press^ Cambridge; 
Oxford University Press^ London. $6.50. 
9i X 6; xi -h 907; 1940. 


Students of infectious diseases will wel- 
come this summary of the work so far 
done in the held of virus and rickettsial 
diseases. Our knowledge of these disease 
agents has increased so rapidly and on so 
many fronts that it is now impossible for 
any one person to be completely familiar 
with much more than his own sector. 
These 34 papers by authorities, most of 
them writing from personal experience, 
were given in a symposium at Harvard in 
the summer of 1939. It was thought best 
to include reviews of the literature of 
those phases of the study not under active 
investigation at the senool, in order to 
present an integrated survey of this inter- 
esting field. Each paper, nevertheless, is 
complete in itself, making the volume a 
useful reference work as well. 



Recent Advances in Medical Science. 
A Study of their Social and Economic Implica- 
tions, The Rede Lecture Delivered Before the 
University of Cambridie on 28 April 1999. 

By Sir Edward Metlanby. The Macmillan 
Co,^ New York; The University Press^ 
Cambridge. 75 cents. 7J x 4! ; 6i; 1939. 
This lecture gives us a very clear picture 
of the general improvement in nealth, 
made possible by increased medical knowl- 
edge. He calls our attention to the dis- 
covery of numerous synthetic drugs 
successfully used in the cure of disease and 
control of symptoms, and to continually 
increased understanding of the causes of 
disease. He shows that life expectancy 
is reaching higher figures, while infant 
mortality is sinking to lower ones and 
that between the two the average age is 
increasing, thus creating new jproblems in 
social and economic fields. The book is 
interesting and instructive, and bestirs 
thought on the problems presented. 

Tbb Medical Caxbbk and Other Papm. 

By Harv^ Cushing. Little, Brown and 
Co., Boston. $1.30. 8 x 3^; vii + 301; 
1940. 

In this book, published posthumously’, is 
presented a collection of 16 essays by 
Harvey Cushing. The first seven are 



388 


THE QUARTERLY REf^IEW OF BIOLOGY 


addresses delivered at various medical 
occasions and deal with topics of medical 
interest, contemporaneous and historical. 
Tliroughout them runs the humanistic 
trend which so strongly characterizes Dr. 
Cushing's other writings. The last nine 
essays are brief bioj^aphical sketches of 
men whose contributions to medical 
thought and ^actice have been outstand- 
ing: namely, Welch, Beaumont, Halsted, 
James Ford Rhodes, George Strong Derby, 
Perry Williams Harvey, Haller, Council- 
man, and the Mayos. The essays are 
characterized by warmth and charm. We 
particularly recommend the volume to 
medical students. The publishers an- 
nounce that coincident with its publica- 
tion they are brining out, in uniform size, 
a new edition of Dr. Cushing's Consecratio 
Midici, 


Fbtal and Neonatal Death. A Survey of 
the Incidence^ Etiolot^^ and Anatomic Mani’- 
festations of the ConOitions Producing Death of 
the Fetus in Utero and the Infant in the Early 
Days of Life, 

By Edith L, Potter and Fred L, Adair, 

University of Chicago Press^ Chicago, 

$1.50. 7f X 5J; XV + Z07; 1940. 
Sinc&the neonatal death rate has remained 
practically stationary in comparison to the 
great decline in post-neonatal mortality, 
there has been great interest aroused in the 
causation and prevention of these deaths. 
Unfortunately the true cause of death is in 
many cases erroneously determined unless 
an autopsy is performed. As an aid to 
arrive at an accurate cause of death, this 
book first describes the normal fetus and 
infant, then the methods of a post-mortem 
examination. There then follows a dis- 
cussion on the major causes of death — 
attributable mostly to prematurity, birth 
trauma, anoxemia, infection, and un- 
favorable exposure immediately after 
birth. A chapter on the special pathol- 
ogy of the new bom concludes the volume. 

NxmunoNAL Studies in Shanghai. A 
retort upon the nutritional status of certain 
Shanghai Groups 1 ^ 57 -^ 59 % dietary surveys and 


a study of the value of various food supple^ 
ments, Chinese Medical Association, Spe^ 
cial Report Series No, ji. 

By H, C, Hou, P, G. Mar, T, G. Ni arid 
B, E, Read, Chinese Medical Associa- 
tion, Bookselling Dept,, Shanghai, $i.oo. 

^ X [4] + 1939 (paper); 

After the outbreak of the Sino-Japanese 
hostilities in Shanghai (August, 1937) 
the number of refugees rapidly grew until 
upwards of 200,000 were gathered in 
empty houses and matshed camps. 
Mostly they were fed by charity. This 
interesting report is concerned with diet 
and nutritional deficiencies among refu- 
gees; nutritional supplements for refugee 
children; their height and weight measure- 
ments; height-weight measurements of 
refugee children given soybean milk, etc. 
The last three chapters are: Physical 
measurements of Cantonese school boys 
in Shanghai; Height-weight measurements 
of Shanghai school children; A nutritional 
survey of three groups of Shanghai fami- 
lies. Numerous tables and graphs are 
included in the text and each chapter is 
summarized and concludes with a bibli- 
ography. 


Recent Advances in Neurology. Fourth 
Edition, 

By W, Russell Brain, The Blakiston Co,, 

Philadelphia, $5.00. 7J x 3J; ix + 

Tlie ^act^tliat this is the fourth edition of a 
book which made its first appearance only 
eleven years ago attests to tne high regard 
in which Dr. Brain's work is held. In 
the present edition the subject matter has 
been largely rewritten, and seven new 
chapters have been incorporated. Sub- 
jects which are now discussed for the first 
time or in which important advances have 
been made include: the pathogenesis and 
treatment of headache, the functions of 
the frontal lobe, vitamin deficiencies in 
relation to nervous disorders, diseases due 
to neurotropic viruses, muscular disorders 
associated with thyroid disease, and the 
treatment of meningitis with sulphanil- 
amide. The illustrations, the excellent 
and numerous references, and the complete 
index add to the value of this book. 
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An Introduction to Expbribusntal 
Human Physiology 
Bjt W» W, TuttU and G, Clinton Knowlton. 
C. V. lAjosby Co.^ St> Louis. $1.50. 
loi X 7i; 138; 1939 (paper). 

The paramount idea in presenting the 
material included in this laboratory guide 
is to enable the beginner in physiology to 
familiarize himself with the techniques 
involved in demonstrating the fundamen- 
tal phenomena of this subject. Insofar as 
possible experimentation is placed in the 
nands of the student; and, wnere practica- 
ble, the students themselves are used as 
subjects for the experiments. A total of 
44 experiments are presented with space 
provided for the answers to the questions 
at the end of each experiment. The ap- 
pendix furnishes manv important and 
nelpful details of procedure. The manual 
has references throughout to Zoethout’s 
Textbook of Physiology. 



Medical Education in the United 
States 1934-1939. Prepared for. the Council 
on Medical Education and Hospitals of the 
American Medical Association. 

By Herman G. Weishotten^ Alphonse M, 
Schwitalla^ William D. Cutter and Hamil- 
ton H. Anderson. American Medical Asso- 
ciation^ Chicago. $1.00. lof x yf; [ix] 
+ 159 + 4 charts; 1940 (paper). 

This book contains the report of a survey 
of the medical schools of the United States 
and Canada, made under the guidance of 
the American Medical Association 
through its Coimcil on Medical Education 
and Hospitals. The survey has been most 
intensive, and the result is a particularly 
complete analysis of the administrative 
organization, educational requirements, 
hospital connections and clinical facilities, 
student responsibilities, and general quali- 
fications of the schools. A stud^ of 
distinct value to men and women desiring 
to enter the medical profession, in deter- 
mining which school may satisfy their 
individual preference. 

* 

Jewish Contributions to MsDiaNE in 
America: From Colonial Times to the Pres- 
ent. Second Edition^ Revised and Enlarged. 


By Solomon R. Kagan. Preface by James 
J. Walsh. Boston Medical Publishing 
Co., Boston. $3.50. 8| x 6; xxxi + 

^794; 193?- 

This lengthy survey of the scientific ac- 
tivities of outstanding American-Jewish 
physicians from colonial times to the 
present gives an excellent picture of the 
extent to which Jewish contributions have 
helped to advance medical science. It is 
arranged as a scries of biographical 
sketches and historical facts in chrono- 
logical order. The appendices include an 
outline of Jewish medical chronology and 
a list of Jewish medical institutions. The 
latter part of the book forms a supplement 
to the first and main body. Photographs 
and bibliography and separate indices for 
each of the two divisions are included in 
the volume. 

Cancer Mortality in the United States. 
I. Trend of Recorded Cancer Mortality in the 
Death Registration States of igoo, from igoo 
to iggs* U. S. Public Health Service. Pub- 
lic Health Bulletin No. 248. II. Recorded 
Cancer Mortality in Geographic Sections of the 
Death Registration States of igzo, from igio 
to jggy. U. S. Public Health Service. Pub- 
lic Health Bulletin No. iji. 

By Mary Cover. Government Printing 
Office, Washington. 10 cents each. 9^ 
X ji; I, vi + 58; 1939 (paper). II, vi + 
74; 19^ (paPCT). 

A valuable addition to cancer records. 
Both studies add considerable statistical 
knowledge to that already accumulated 
on the occurrence of cancer in the white 
and colored races in the United States. 
The data collected must increase the specu- 
lative assumptions as to the causes of the 
disease, and intensify research as to the 
possible similarity of reasons for suscepti- 
bility in individuals. 

TxAixfi DB l'Immunit£ dans lbs Mala dibs 
Inbbctibdsbs. Dtuxiipu Edition. 

By Juhs Bordet. Matson et Cit, Barit. 
$3.30. 10 X 6}; V + 879; 1939 (paper). 

This long overdue second edition of one of 
the great classics of immunology adds ito 
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pages to the text. The bibliographic 
documentation has been improved in 
respect of the method of citation, but still 
leaves something to be desired bjr Ameri- 
can standards. There is no index, a 
deplorable omission in an important 
re^ence work such as this. But even 
with these defects the volume will be 
welcomed by all immunologists as setting 
forth the mature views of its distinguished 
author. 



Elements of Human Physiology. 

By Miriam Scoff Lucas. Lea and Febigefy 

Philadelphia. $4.50. 9I x 5!; 400; 

1940. 

The present volume represents an attempt 
to provide a suitable presentation of 
human physiology for pre-professional 
courses which do not require the detailed 
discussions found in medical texts and is 
written from the point of view of the 
student and teacher of physiology — not 
from the viewpoint of a specialist. The 
discussion is presented in four parts: 
movement and support, integration in the 
body, metabolism and water balance, and 
reproduction and endocrine function . The 
illustrations are well-chosen and the index 
is very complete. There is no biblio- 
graphy. 



PnoBxiMEs Actuels de Biolooie G£n£- 

&ALB ET DE PaTHOLOOIE EXPERIMENT ALE. 

By Henry Binard. Masson ef CiCy Paris. 

$1.05. 9i * 6i; 176; 1939 (paper). 

This book contains six papers containing 
brief historical surveys and summaries on 
the present state of raowledge of several 
topics of physiological and pathological 
si^ificance, namely: cellular respiration, 
cyanhydric intoxication, experimental 
pancreatic diabetes, mode of action of 
insulin, glucose and its deterioration, and 
experimental rachitis and vitamin D. 
Written in a clear and fluent style, in spite 
of the amount of material crammed into 
relatively small spaces, the book will be 
of interest to biologists as well as medical 
men. It lacks bibliographies. 


The Perception of Light. An Analysis 
of Visual Phenomena in Kelafion fo Technical 
Problems of Vision and Illuminafion. 

By W. D. Wrighf. Chemical Publishing 
Co.y New York. $1.50. yf x 4!; [Q 
+ 100; 19}^. 

This analysis of visual phenomena in 
relation to technical problems of vision 
and illumination does not pretend to ex- 
haustiveness, but is more in the nature of 
an essay. The book begins with a general 
account of visual phenomena and then 
discusses vision at low and high intensities 
and visual sensations. There is an espe- 
cially timely and helpful chapter on glare, 
including an illuminating discussion of the 
headlight problem. The concluding 
chapter presents the results of some recent 
researches in the field of light perception. 
There is a list of references aha an index. 



Carbohydrate Metabolism. Four papers 
presenfed in a Symposium held af fhe meefing 
of fhe American Physiological Sociefy af 
ToronfOy Canaday April 2p, ip^p. Reprinfed 
from Endocrinology y Vol. atf, February 1^40. 
Associafion for fhe Sfudy of Infernal Secre^ 
fionsy Bosfon. $1.00. loi x 6}; 185- 
351; 1940 (paper). 

This little booklet embodies four papers 
presented in a symposium held at the 
April, 1959, meeting of the American 
Physiological Society, at Toronto, Canada. 
They are concerned with glycogen break- 
down and synthesis in animal tissues, and 
with the relationships between the liver, 
the adrenal cortex, and the pituitary gland 
and carbohydrate metabolism. Excellent 
bibliographies arc appended to each paper 
presented. 



BIOCHEMISTRY 

Hair-Dyes and Hair-Dyeing Chemistry 
AND Technique. 

By H. Sfanley Redgrave and fhe lafe Gilberf 
A. Foan. A New Edifion Complefely Re^ 
vised by H. Sfanley Redffove and J. Bari- 
Woollss. Chemical Publishing Co.y New 
York. $3.00. 8J X 5J; xiv + 105 + 10 
plates; 1930. 

This book, first published in 1919 under 
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the title Blond§ or Brurnm^ is a compre- 
hensive and detailed account of hair dying 
and its various phases. The title has 
been changed from the original as the 
authors found **that many folk were mis- 
led by the original title in mistaking the 
book for a novel dealing with the claims 
of two rival beauties." The first part of 
the book is a general discussion of the 
structure and pigments of hair; Part II 
discusses dyes and bleaches specifically; 
Part III the art of hair dying; and Part IV 
goes into the causes of grey hair and 
supplies generous hints to those who wish 
to avoid premature greyness. These in- 
clude not to worry "even about grey 
hair," and to "choose your hairdresser 
with care, and if he hasn’t read this book, 
give him a copy." A bibliography has 
been included, out an index is lacking. 



Fruit Pectins: Thtir Chemical Behaviour 
and Jellying Properties, Food Investigation^ 
Special Report No, 48, 

By C, L, Hinton, Chemical . Publishing 
Co,^ New York. $1.75. x 5^; vii + 
96; 1940. 

This report is based on work carried out 
during a period of several years by mem- 
bers of the staff of the British Association 
of Research for the Cocoa, Chocolate, 
Sugar Confectionery and Jam Trades, and 
presents a study 01 the variations in the 
chemical properties of pectins, as extracted 
from fruits, as a basis for an eventual 
explanation of their jelly-forming be- 
havior. The free acidity, the pH of the 
solution, the proportion of alkaline ash 
constituents, the methoxyl content, and 
the reducing power towards alkaline 
iodine all were tound to vary widely. In 
view of the variations found in the proper- 
ties of the pectin specimens, it is claimed 
that "pectin" must be regarded as a 
generic term covering a wide range of 
minor variations of molecular composi- 
tion. The book contains a list of refer- 
ences, but no index. 



Biological Products. 

By Louis Gershenfeld. Romaine Pierson 
PuHisbers^ New York, $4.00. 9^x6^; 
ix + 24t; 1939. 


Pmons engaged in public health, medi- 
cine, and the biological sciences will find 
this book a convenient source of informa- 
tion. The uses, dosages, preparations, 
and standardizations of antitoxins, serums, 
vaccines, immunizing toxins, toxoids, bac- 
teriophage, allergens, etc., are adequately 

E resented. The biological principles of 
andling, shipping, and storing of the 
products both finished and during the 
course of preparation are treated through- 
out. Federal statutes concerning both 

f ^reparation and sale arc also given. The 
ack of material upon hormonal products 
will be missed by many. 

Extensive bibliographical references arc 
incotyorated in the body of the text. A 
fine index is appended. The illustrations, 
although interesting, add little to the 
subject matter covered. 



Mineral Metabolism. American Chemical 
Society Monof^ph Series, 

By Alfred i. Shohl, Reinhold Publishing 
Corp.y New York, $5.00. 9 x 6; x -f 
384; 19J9. 

To describe the r 61 cs of various minerals 
in the structure and function of the human 
body is the aim of this monograph, which 
was sponsored by the American Chemical 
Society. The field as a whole is in a 
phase of such rapid expansion that a 
simplified account rather than an exhaust- 
ive one, and an interpretation from the 
point of view of his own special interest, 
IS all that the author has hoped to ac- 
complish. He discusses the mineral 
composition of the body, of secretions, 
excretions, and internal secretions. The 
book is in excellent balance, and it is 
exceptionally informative. 

* 

Reports of the Biochemical Research 
Foundation of the Franklin Institute. 
Vol. F, I9s8-ip)9, 

Franklin Institute^ Philadelphia, 9! X 7; 
collection of reprints. 

A further collection of reprints (cf. Q.R.B., 
Vol. 13, p. 374) on various phases of 
chemistry, histo-chemistry and physicp^ 
chemistry, with particul^ relation to jk^ 
study of disease and medicinals. Included 
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also are two statistical papen, one on 
cancer and the other on lead poisoning, by 
F. L. Hoffman. 



SEX 

Sax AND Life. Forty Years of Biological 
and Medical Experiments, 

By Euien Steinach. The scientific values 
adapted to the lay reader by Josef Loebel. 
The Viking Press^ New York, $3.75. 
si X X + X5X + « plates; 1940. 
Steinach s account of the development of 
his ideas and investigations on the phvsi- 
ology of sex has been written for the lay* 
man and, according to the publisher's 
blurb, for "men and women, particularly 
those in the middle and late years, who 
will learn from this the startling possibili- 
ties of adding years of mental and physical 
vigor to life.^* As is to be expected, there- 
fore, this volume is mainly concerned 
with the rejuvenation or reactivation 
operations and views associated with the 
author's name. Aided by beautiful illus- 
trations, a vivid and colorful story is told 
of the author's well-known researches on 
castration and gonad implantation that 
finally led to the vasoligation experi- 
ments. The results obtained on man by 
this method are duly amplified and the 
first and other alleged successful operations 
arc described in detail. The author in- 
directly admits that there are a number of 
competent investigators who question his 
results and theories but he seems to be 
more bewildered than angered by such 
skepticism. Unfortunately for his scien- 
tific reputation, the tone and objectives 
of this book will not serve to diminish 
this skepticism. 

* 

Sterility and Impaired Fertility. 
Pathogenesis^ Diagnosis and Treatment, 

By Cedric Lane-Roberts^ Albert Sharman, 
Kenneth Walker^ and B, P, Wiesner, 
Foreword by Rt, Hon, Lord Horder, Paul 
B, Hoeber^ Inc,^ Medical Book Dept, of 
Harper and Bms,^ New York, $5.50. 
8Jx si; XX +^4x9; 1030. 

The four co-authors of this volume have 
brought together the present-day knowl- 


edge of sterility, its pathogenesis, diagno- 
sis, and treatment. A glance at the 
bibliography reveals that much of the 
literature is very recent, with the result 
that while great progress has been made, 
there arc still many facts to be proven. 
It is to the credit of the writers that their 
approach to the problem is very sound 
and that they exercise due caution in their 
conclusions and recommendations. 

A wealth of material is presented on 
both male and female sterility and im- 
paired fertility. The constitution of nor- 
mal and abnormal semen, examination and 
interpretation of endometrial and vaginal 
smears, faulty coital techniques, psycho- 
logical, hormonal, and surgical treatments 
and therapeutics arc only some of the 
pertinent topics ably discussed and 
illustrated. 



Sexual Pathology. A Study of Derange^ 
ments of the Sexual Instinct, New Revised 
Edition, 

By Magnus Hirschfeld, Authorized trans^ 
lation by Jerome Gibbs, Emerson Books^ 
Inc,^ New York, $x.95. 9x6; 368; 
1940. 

This is a new edition, stated to have been 
revised, of the English translation of a 
well-known work. It consists, in the 
main, of a running discussion of cases from 
the late author's practice as a sexologist. 
Hirschfeld was a pioneer in the movement 
for sexual reform, along with Forel and 
Havelock Ellis. The sort of material em- 
bodied in this book was foundational stuff 
for their crusade. But now it seems dated 
and a little boring. 



BIOMETRY 

A Bibliography op the Statistical and 
Other Writings of Karl Pearson. 
Compiled by G, M, Morant^ with the Assist^ 
once of B, L, Welch, Biometrika Office^ 
Universi^ College^ London, 6 s, net. io| 
X 7i; viii -f 119; 1930. 

In this volume the authors have carefully 
assembled in chronological order the list 
of the writings of Karl Pearson, annotated 
each title, and have also added a subject 
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index. The 648 titles have been classified 
into five sections. The first and most 
important includes 406 titles and concerns 
the witings on the theory of statistics 
and its applications to biological, social 
and other problems. The following four 
sections include the list of papers and 
books on pure and applied mathematics 
and on literary, historical and academic 
subjects, and the list of prefaces, notes, 
and reviews which have appeared in 
scientific journals. A sixth section con- 
tains information about the places of 
publication of the syllabuses of the various 
series of lectures given by Pearson. Bi- 
ometricians and human biologists, in 
general, will ^[uickly realize the great 
usefulness of this volume. Those who arc 
too young to have followed as contempo- 
raries the publications of Pearson will 
undoubtedly obtain from a perusal of this 
book a clearer idea of the broad scope of 
his intellectual powers and certainly a 
stimulus to study at first hand his contri- 
butions. The authors arc to be con- 
gratulated for the evident thoroughness 
with which they have accomplished their 
task. 



Th^orib Analytiqub DBS Associations 
Bioloqiqubs. Deuxthme Partie, Analyse 
dimografhique avec application particulilre ^ 
Vesp'tce bumaine, ActualitSs Scientifiques et 
IndustridUs 780, Exposis de Biomitrie et de 
Statistique Biologique XII. 

By Alfred J. Lotka. Hermann and Cie^ 

Paris. 45 francs. 10 x 6i; 149; 1939 

LcK^a^ummarizes in this monograph some 
of the more salient features of the contri- 
butions made by him and others towards 
the development of what may be called 
mathematical demography. He prwents 
the formulae for the analytical description 
of human population growth, on thclbasis 
of several assumptions, and of the princi- 
pal elements related to growth such as 
natality, mortality and age composition. 
Other special aspects of demography 
treated in this book concern natality in 
successive generations, size of famihr and 
extinction of lines. Although all ot these 
topics have been more aocquatcly dis- 
cussed in the author’s previous English 


publications, the student of the subject 
will appreciate the advantage of having 
the formulae brought together. There is 
a bibliography which, as the author 
admits, is rather incomplete. 



Advancbs and Applications of Mathe- 
matical Biology. 

By Nicolas Rashevsky. University of 

Chicago Press f Chicago. $2..oo. yi x 5; 

xiii + 114; 1940. 

Rashevsky’s recent book Mathematical 
Biophysics (reviewed Q.R.B. Vol. 14, p. 
106; contributed to the development of a 
relatively new field of science. The 
present extends further the application of 
the “approximation” method. 

The approximation method attempts to 
take into account the size as well as the 
shape of the cell, the coefficient of diffu- 
sion for the substance inside the cell, the 
permeability of the cell membrane, and the 
coefficient of diffusion of the external 
medium in arriving at an average concen- 
tration of substance inside the cell. The 
average value will be found somewhere 
between the periphery and the center of 
the cell, and is expressed independently of 
the local structure variations which may 
be taking place, i.e., the movement of the 
centrosomes, the activity of the chromatin 
material, the appearance of the spindle 
fibers, etc. It is on this average value for 
the concentration of cell substance that 
Rashevsky bases his discussions of diffu- 
sion phenomena, cell respiration, cell 
division, cellular growth, cellular forms 
and movements, and protoplasmic 
streaming. 



Thb Variatb Diffbrbncb Mbthod. 

By Gerhard Tintner. Principia Prtss^ 
Bloomington^ Ind. $2.. 30. 9i x 6J; xiii 
+ 175; 1940. 

Through the studies of Yule especially, 
statisticians have long been made aware 
of the difficulties which surround an 
analysis of time series. Yule was also one 
of the first to investigate the problem with 
some degree of thoroughness and, follow- 
ing Student and others, to develop the 
variate difference method. This method 
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lia$ also been employed and further de- 
veloped by the economists, among whom 
one may mention particularly Anderson 
and Zaycoff. On the basis of their re- 
searches the author studies and discusses 
in this book the analysis of variance and 
covariance of the random element of a 
time series. The analytical procedure 
outlined consists of an application of the 
product-moment correlation method and 
that of Fisher^s variance theory to con- 
ditions arising from the sequences of 
differences between the successive terms 
of a time series. To facilitate the compu- 
tations, which by this procedure involve 
very large numb^s, the author has pre- 
pared useful tables which are included in 
the text. 



An Inteoduction to Modern Statistical 
Mbthox>s. 

By Paul R, Rider, John Wiley and Sons^ 

New York; Chapman and Hall^ London, 

$x.73. 8i X 5i; ix + no; 1939. 
Enormous and rapid advances have been 
made in the field of statistics, the greatest 
progress having been made in the theory of 
small samples. Most of this theory, ac- 
cording; to Rider, has been developed and 
unifiedby R. A. Fisher, whose methods are 
therefore of value to all investigators who 
are obliged to deal with comparatively 
few observations. Rider's book expounds 
the most widely used of these methods, 
illustrating their application by com- 
paratively simple numerical examples, so 
that the underlying principles are not lost 
to sight in a ma2e of arithmetical compu- 
tations. The language of the calculus as 
a medium through which these methods 
may be communicated has not been 
avoided. In the earlier chapters of the 
book the fundamental concepts of statis- 
tics are developed; the later chapters are 
principally concerned with Fisher's 
methods; and some of Fisher’s tables are 
reprinted as an appendix. 



The Bulletin of Mathematical Bio- 
PHTUCs. Volume 2, Number September^ 


Edited by N. Rashevsky, Uniptrsity of 
Chicago Press^ Chicago, 

This number contains the following 
papers: A generalization of Cunningham's 
extension of Stoke's law for a force on a 
sphere, by Gale Young; Physicomathe- 
matical aspects of some problems of or- 
ganic form, by N. Rashevsky; Contribu- 
tions to the mathematical biophysics of 
organic form. III. The formation of 
shell-shaped cellular ag^egates, by N. 
Rashevsky; On the formal theory of nerve 
conduction, by Alvin M. Weinberg; A 
note on the horopter, by Alston S. House- 
holder; A general fluia circuit theory of 
active chloride absorption, by H. C. 
Peters. 



Mathematics in Bacteriology. 

By Otto Rahn, Burgess Publishing Co,^ 

Minneapolis, $1.75. lof x 8i; lii + 

63 i 1939- 

It is the object of this booklet to help the 
student to acquire an understanding of the 
quantitative interrelationships of the vari- 
ous life functions of bacteria by solving 
problems. Subjects under discussion in- 
clude: unrestricted and restricted cell 
division and fermentation, growth of 
individual organisms, disinfection, sta- 
tistics in bacteriology, and the use of 
graphs. Ample material has been pro- 
vided for a class of students to practice 
formulas and equations. A sharp line is 
drawn between the terms growth and 
multiplication, since the author feels that 
the two are de^itely different things. 



PSYCHOLOGY AND BEHAVIOR 

Dangerous Thoughts. 

By Lancelot Hogben, W, W, Norton and 
Company^ New York, $z.73. 8i x 3!; 
i8j; 19^. 

Hogben has brought together in this 
volume a series of essays dealing with his 
beliefs and theories on a variety of subjects 
relatdH to social behavior. The title of 
the book derives from the author's realiza- 
tion that in times such as these it is danjger- 
ous not to be a partisan of either the Right 
or the Left in matters of political 
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idealogies. Of the fifteen essays that 
constitute this book, eight deal with 
problems of how to popularize science 
particularly so that the biological princi- 
ples of human behavior may be better 
understood. Four essays arc concerned 
respectively with comments on John 
Wilkins, William Petty, Havelock Ellis, 
and an assorted group of Scotch natural 
scientists. In the remaining three the 
author expounds again his views on social 
problems. An epilogue written after Sep- 
tember I, 1^39 closes the book. **At 
last,” he points out, ‘*wc have got the 
war against Hitlerism, the war for which 
the Labour Party has been clamouring 
during five years of frustration and the 
extinction of any vigorous constructive 
policy of domestic r&orm.” This well 
expresses his judgment on the r 61 e played 
by the English Labor party to bring about 
the present European war. He concludes 
with the hope that the “Left intel- 
lectuals” will now abjure their errors, 
reenter the fold of democracy and help in 
the fight for the preservation of intel- 
lectual freedom. In this and all of the 
essays we arc made aware of the author's 
command of language and of his wit and 
also of the internal conflict faced by the 
humanitarian biologist who seeks to 
apply his science to the study of human 
social phenomena. 

* 

We Call it Human Nature. 

By Paul Grabbe, Worked out in Coopera- 
tion with Gardner Murphy. Harper and 

Bros.f New York and London. $1.50. 
^.9i X 7i; [8] + .no; 1939. 

The author of this interesting volume has 
hit upon something new in the field of 
presentation of scientific material. His 
ingenious and novel graphic methods of 
discussing the fundamentals of psychology 
have been found by well-known psychol- 
ogists to be completely sound, as well as 
revolutionary — ^so much so that one of the 
leading psycnologists of the day, Gardner 
Murplw, bks participated in the prepara- 
tion of the text, ana has written a begin- 
ning note on ”How this book came to be 
written.” 

The factual material is authentic and 


v^ell documented, with a note of careful 
differentiation between what is established 
fact, and what is theo^. The abundance 
of illustrative material, and the clear 

[ >resentation of data in simple, everyday 
anguage, make the book not only read- 
able, but intensely interesting to the lay 
as well as to the professional reader. 

The master theme, which is neatly 
interwoven throughout the entire thesis, 
is that of the necessity of the individual, 
if he wants to live anything like a con- 
tented and sane life, to achieve some 
measure of harmony with his environment. 
In studying and conquering the physical 
world, the author believes that we have 
neglected the study of our social world. 
A note of doom is sounded for our civiliza- 
tion unless we are able to fathom preda- 
tory and anti-social man to the extent of 
reaching a basis for good-will, coopera- 
tion, mutual understanding and mutual 
respect. 



The Psychology op Exceptional 
Children. 

By Karl C. Garrison. The Ronald Press 

Co.^ New York. $3.2.5. 8 x 5J; xiii 

+ 351; 1940. 

This book by the professor of psychology 
at North Carolina State College, is de- 
signed primarily for principals, teachers, 
and parents on whom the responsibility 
for guiding the development of excep- 
tional children rests. Three general 
groups of exceptional children are con- 
sidered: the gifted, the retarded and the 
physically handicapped. This last group 
includes children with defective vision, 
hearing or speech, children of lowered 
vitality, and left-handed and crippled 
children. The orientation of the boolk is 
against educating all children in a me- 
chanical manner, against focusing atten- 
tion exclusively on those factors in a given 
child which makes him exceptional, and 
towards the viewpoint that the per- 
sonality of each child, regardless of what 
variation from average he may present, 
functions as a whole in his continual 
drive to maintain a satisfactory relatioo- 
ship to his environment. His education, 
therefore, should be adapted to hit in- 
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dividual capacity and needs. The ma« 
terial presented is up to date and the book 
shoula prove of value as an introduction 
€0 the subject matter. There arc four 
appendices, and author and subject 
indices. 



Thb Intbr*Rblationship of Mind and 
Body. Tbi Proatdings of the Association^ 
Niw Yorkf Decembif zph and 28th ^ 1938. 

By tbi Association for Researcb in Nervous 
and Mental Disease. Editorial Board: 
Foster Kennedy^ Angus M. Frantz, and 
Clarence C. Hare. Williams & Wilkins 
Co.f Baltimore. $6.00. 9 x 6; xx + 

381; 1939, 

This IS a testimonial volume in memory 
of Dr. Frederick Tilncy . It is a report of a 
symposium in vsrhich tvsrenty-two author- 
ities in various fields of nervous and 
mental pathology participated, and the 
discussion that ensued upon the presenta- 
tion of each contribution. None of the 
participants except Foster Kennedy has 
adhered at all closely to the subject of 
the symposium as announced in the pros- 
pectus, and which also serves as the title 
to the present work. The result is a col- 
lection of highly technical essays on 
various phases of abnormal mental states 
and the conditions that produce them, 
instead of an integration of dualistic 
philosophy such as the title would lead 
one to suspect. 

There is an extensive but not exhaustive 
bibliography at the end of each chapter, 
and an index of ten pages at the end of 
the book. 



A G^mparativb Study of thb Systbms of 
Lbwin and Koffka with Spbcial Rbfbr- 
BNCB TO MbMORY PhBNOMBNA. 

By Sylvia H. MacColl. Duke University 
Press^ Durham^ N. C. $1.50. 9x6; 
vii + 160; 1939 (paper). 

This study presents a polysyllabic com- 
parative analysis and discussion of the 
pjsychological concepts and systematiza- 
tions of Tewin .and of Koffka, the latter 
selected as representative of the Gestalt 
point of view. The life-space of Lewin, 


based on a mechanical conception of 
nature, with emphasis on substance rather 
than function and tension as the **causal*' 
reality is contrasted with the psycholog- 
ical field of Koffka which is based on 
functional relationships and organiza- 
tion. The various problems of memory 
are analyzed and the bearing of each of the 
two systems on these problems is con- 
sidered. It is found that neither system 
deals completely with all memory phe- 
nomena. 

The study is of academic rather than 
practical interest. It is thorough-going 
and scholarly, but would benefit by sim- 
plification in vocabulary and general 
presentation. A bibliography is included. 



Dblaybd Rbward in Discrimination 
Lbarnino by Chimpanzbes. Comparative 
Psychology Monographs. Vol. i/. No. $. 
Serial No. 77. 

By Austin H. Riesen. The Johns Hopkins 

PresSf Baltimore. $1.00. 10 x 6|; 54; 

1940 (paper). 

This monograph, from the Yale Labora- 
tories of Primate Biology, presents a study 
of learning in chimpanzees when the 
reward for the correct discrimination of a 
stimulus is delayed to a point in time after 
the stimulus has terminated. Two con- 
trol and three experimental animals were 
used. The method of investigation is de- 
scribed in detail and the results presented 
in detail and discussed. It is found that 
when reward is delayed more than a few 
seconds, visual discrimination learning is 
difficult or impossible, as compared with 
learning when the reward is immediate. 
This is a well-devised study and a sound 
contribution to the literature of animal 
behavior. There is a bibliography. 



DE OMNIBUS REBUS 
ET QUIBUSDEM ALIIS 

Thb Philosophy of Physical Scibncb. 
Tamer Lectures 1938. 

By Sir Arthur Eddienton. The Macmillan 
Co., New York; The University Press, 
Cambridge. $1.50. 8f x 5); ix + ^30; 
^ 939 - 
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'Ehoe axe but tew words that have suf- 
fered mote from overwork and abuse than 
the term philosophy. To Eddington it 
means the generalizations derived from 
observations. The process by which gen- 
eralizadons ate arrived at is epistemology. 
It is clear that while other defects may 
impair a philosophy whose epistemology 
is flawless, it is impossible to establish 
a sound philosophy upon an unsound 
epistemological base. 

Eddington devotes more than half his 
book to a discussion of various phases of 
epistemology. Not until he feels that he 
has laid an unassailable foundation does 
he ask the question whose answer em- 
bodies the whole of his philosophy of 
physical science, “Is the bun^-hole part 
of the barrel?" If the question be an- 
swered in the affirmative it appears that 
a barrel without a bung-hole is only part 
of a barrel. But a barrel without a bung- 
hole is greater than a barrel with one. 
Therefore the part is greater than the 
whole, and the mt half of one of Euclid's 
axioms collapses like a flat tire. C^he 
second half, tW the whole is equal to the 
sum of its parts is retained by ^dington, 
but he makes it clear that the algebraic 
sum is referred to). 

Now if to a bungless, and therefore 
incomplete barrel be added a bung-hole, 
that which is added is a negative quantity 
of wood. Euclid would have avoided the 
hypothecation of the negative quantity 
by answering that the bung-hole was not 
part of the barrel, which would be 
thoroughly consistent with a philosophy 
based on the observation of such tangible 
objects as barrels, rather than on the sub- 
atomic particles of modem quantum 
physics. But we know today that atoms 
are constructed of electrons and various 
other kinds of trons which when added 
together frequently neutralize each other. 
Ther^ore, some of these particles must 
have negative mass, but none have it 
absolute^. Negativeness is a matter of 
relativity. Andneither did Euclid under- 
stand the relativity theory. 

From this beginning Edoington goes on 
to draw some conclusions that seem 
highly esoteric, such that the number of 
chemical elements in the universe is equal 
to the number of dimensions, and that the 


number of particles in the physical uni^ 
verse is equal to the number elements 
doubled 157 timet. The result of diis 
computation he sets out, and it is quite 
remarkable, but not more so than the man 
who figured it. 

The present work is of much greater 
significance than the author’s earlier one 
in which he discusses the relation between 
mysticism and science but it is not likely 
to have so many readers, as the thought 
is too profound for the average man to 
grasp. 

* 

The Philosophy of Power: First Prmciths. 

By Donald Murray, Williams and hfor^ 

gate^ London, 12s, 6d. net. 8i x 5^; 

336; 1939- 

The Philosophy of Powor is built on the first 
and second laws of thermodynamics, 
being and becoming, ^owth and decay, 
and the belief that we live in a **Duali8tic 
Diverse, and not in a Monistic Universe.** 
The author considers himself “one of the 
great seers in direct line of apostolic suc- 
cession from Kant and Spencer,^ * Kant being 
the first of the great Actualist Philoso- 
phers, S^cer the second, and himself the 
third. The Philosophy of Power is based 
on Sjpencer's doctrines and the author^s 
aim IS to modernize Spencer — **to dot his 
*i’s' and cross his 't's* and translate his 
words into the modem thermodynamical 
phraseology.’* However, this work is 
almost entirely devoted, as the Spencerian 
philosophy is not, to problems of human 
welfare and the application of the two 
great generalized laws of thermodynamics, 
pressure energy and velocity energy, to 
such problems. 

The author endeavors to debunk mathe- 
matics and those of its exponents who are 
trying to solve the riddle of existence by 
converting, the universe into a mathe- 
matical proposition^ He cemteods that 
this, the probability law, raises ’’the 
question of God versus Chance,. . . .and 
Chance is denial of the existence of the 
thing called God.” The author fseb 
that this telief in the existence:^ Go<hia 
”tbe f^amcotal bask for the 
being men/* 
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G>M90UND1no in thb English Lanouaob. 
A Camfarative R$v$$w of Variant Authorities 
With a Rational System for General Use and 
A Cm^ehensive Alpbaietic List of Com- 
pound Words. 

By Alice M. Ball. H. W. Wilson Co., 

New York. $1.50. gi x 6i; x + xl6; 
* 939 - 

Those who arc in any way concerned with 
the writing or the editing of manuscripts 
are constantly puzzled and disturbed hy 
the inconsistencies in the rules for the 
compounding of words which are set forth 
by various dictionaries and manuals. 
Miss Ball, as lecturer on editing and as 
co-author of the Style Manual of the 
Department of State, has made the study 
of compounding her particular field and 
has now put forth a guide destined to have 
an important place on the reference shelves 
of all working libraries. 

The first part is taken up with a dis- 
cussion of the general principles embodied 
in the various American and English dic- 
tionaries and style manuals. This part is 
planned chiefly to show the chaotic con- 
dition which has existed in the compound- 
ing of words, and the need for logical and 
simple rules to clarify the situation. This 
is followed by a section on a rational 
system of compounding, that is the most 
importamt part of the book, for here are 
presented tne rules and principles, with 
explanatory remarks and examples, which 
have so long been needed. Unfortunately 
most of us will tend to neglect this part 
and consult the section which follows — 
Alphabetical list of compound words 
(something over 100 pages long) — which 
tells at a glance the proper form to use. 
A list of authorities cited and an index 
complete this useful volume. 



ScXBNCB AND EvBRYDAY LlFB. 

^ T. B. S. Haldane, Lawrence and 
Wisbart, London; The Macmillan Co., 
New York. 5s. net in England; $x.oo 
in America. 7^ x 4}; xSa; 1939. 
Haldane is of the firm belief that much 
scientific knowledge is without practical 
. application because it is not ma^ avail- 
able to the lay reader. This collection of 
70 articles represents the first 16 months’ 


output of weekly articles (published in 
The Daily Worker of London^ on science for 
popular consumption. In each article, 
the author, in his own words, “. . .at- 
tempted to do two things. I have tried 
to give a few facts which are not yet to be 
found in textbooks, and which a student 
leaving a university with an honours 
degree would not be expected to know. 
And I have tried to bring these facts into 
relation with evervday life.” Anyone 
acquainted with Haldane’s previous vnrit- 
ings will fully realize nis complete 
aoequacy in achieving these two aims. 
Though much of the material is drawn 
from British sources, the underlying 
themes will find application in the lives 
of people from every country of the world. 
The material is presented clea.rly, simply, 
and in a very ^human side of science” 
fashion. 



Science for the World of Tomorrow. 
By Gerald Wendt. W. W. Norton and 
Co., New York. $x.75. 8 x 5!; 316 + 
39 plates; 1939. 

This is a commentary on those elements in 
the life of today that are to build the 
world of tomorrow. The turmoil of 
politics and the confused emotion of 
persons and peoples are absent — their 
place in the headlines is not their place 
in history. Wendt believes that man’s 
outstanding achievement has been in the 
use of his intelligence to improve the 
environment of human life. He further 
feels that this in itself is science. Thus 
defined, science is a major social force, 
and we may evaluate our civilization by 
examining the r 61 e of science in it. This 
he proce^ to do. He discusses life in 
the age of science, sources of wealth and 
power, transportation, communication, 
the home and its importance, food, medi- 
cine and health, necessary luxuries, the 
use of leisure, and finally the scientific 
attitude. The book is beautifully il- 
lustrated with many views of the New 
York World's Fair and others chosen for 
their special appropriateness. An index 
is provided. 
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A HI8TOET 07 SCXBKCB IN CANADA. 

Edittd by H. M. Tory. Tb$ Ryerson 
Pms^ Tcrotuo. $2..5o. 9J x 6J; vi + 
i5x; 1939. 

At the 1938 meeting of the American 
Association for the Advancement of 
Science at Ottawa^ nine men contributed 
pai^ on the rise and development of the 
major fields oi^ure science in Canadian 
laboratories. Tnese papers, now col- 
lected in book form, indicate how sub- 
stantial and significant Canadian research 
has been and is. Samuel Beatty outlined 
the progress of mathematics, A. Norman 
Shaw the advance of physics, W. E, 
Harper the history of astronomy. Frank 
Dawson Adams dealt with Canadian 
geology, W. Lash Miller with the begin- 
nings of chemistry, Frire Marie-Victorin 
with botany, and F. R. Dymond with 
zoology. Both Leo E. Parisean and J. J. 
Heagerty spoke for Canadian medicine. 
Finely an introduction has been con- 
tributed hy H. M. Tory, director until 
recently of the National Research Labora- 
tories. 



Thb Frame of the Ancient Greek Maps: 
WM a Discussion of the Discovery of the 
Sphericity of the Earth. American Geo- 
lyaphical Society^ Research Series No. 20. 
py William A. Heidel. American Geo- 
vaphical Society ^ Broadway at is6th St., 
New York. $1.30. 8 x 5J; x + 141; 

No%wk maps have come down to us. 
We know that they had maps and a few 
descriptions in contemporary literature, 
such as Homer’s oft-quoted statement 
that the river Oceanus flows round the 
world, are our only source of knowledge 
of what these maps must have been like. 
Aristotle's description of the torrid, tem- 
perate, and frigici zones has no bearing on 
the matter, for he derived them from 
mathematical rather than from carto- 
grwhical considerations. 

llie author has gone over the literature 
with a fine tooth comb, and assembled 
everything that throws any light on the 
matter, ^e book is, of course, highly 
technical but lucidly written, and is an 
interesting treatise on a matter that 
occupies Dut a small place in modem 
thought. 


Science in Your Life. 

By John Pfeiffer. Illeestrated hy Ludwig 
Mactarian. The Macmillan New 

York. 60 cents. 7| x 3; -f* 109; 

1939- 

This little book is a brief story of the many 
wonders we have learned to accept un- 
Questioningly in our modem living. 
Working up from the early Egyptians and 
Galileo, the author, science editor of 
Newsweek, carries us step by step to the 
radio in the living room, the electric re- 
frigerator in the kitchen, the wireless and 
the telescope and to the many other 
mysterious conveniences of the modem 
age. He touches briefly on the science 
of modem warfare, which has increased 
the power to kill, but he ends on an 
optimistic note, “. . .this power need not 
be used in the future,” he says, “only 
three centuries separate Galileo and tele- 
vision. And there are still millions of 
years to go.” 


Modern Methods and Materials for 
Teaching Science. 

By Elwood D. Heiss, Ellsworth S. Ohoum 
and C. Wesley Hoffman. The Macmillan 
Co., New York. $1.30. x 3f ; x + 
331; 19^. 

The principles set forth in this book arc 
most applicable to primary and secondary 
school teaching. The first section pre- 
sents an analysis of the various methods 
of teaching science. It discusses lectures, 
text books, laboratories, demonstrations, 
and reading. The final section lists the 
sources from which flat pictures, models, 
charts and posters, films, books, and 
periodicals may be obtained. An excel- 
lent aid to the beginning teacher in the 
organization of his courses. 


What You Want to Know about De- 
velopers: Fine Grain and Otherwise. 

By Edmund W. Lowe. Camera Craft 
Publishing Co., San Francisco. $2.. 50. 
7 i X si; 175; 1939- 
Phtsics im 1939- 

Bjr Thomas H. Osgood. Roprintod from 
Journal of Apptiod Physics, Vol. ii. No. x, 
pp. 1-17, 1940. 
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THE PRINCIPLE OF COOPERATION IN BEHAVIOR 

By william GALT, Ph.D. 

The Lifwynn foundation 


I 

T he object of the present paper 
is to report briefly some of the 
data which indicate that groups 
or species of animals, including 
man, constitute organismic integrations — 
that they do not represent a mere col- 
lection or agglomeration of individuals. 
My purpose is to cite some of the bio- 
logical facts which support the view 
that the species man, as also species of 
animals lower in the phylogenetic scale, 
originally constituted a unified totality 
in which the activities of the component 
individuals were throughout motivated 
by the sovereign principle of behavior 
inhering in the species as an organismic 
whole. 

In speaking on this subject I am not 
unaware that I am treading on danger- 
ous ground. The problem in regard to 
the social integration of mankind is 
a delicate and much debated one. Her- 
bert Spencer’s analogy which regarded 
human society as an organism made 
up of individuals, just as the body of the 
individual is made up of cells, has justly 
received much criticism from psychol- 


ogists and sociologists alike. Obviously 
human societies as they exist to-day are 
not bound together by cooperative prin- 
ciples such as characterize the inter- 
functioning parts or organs of the single 
individual. Spencer’s conception was 
tinged with the sentimental and was not 
supported by biological evidence. For 
this reason such concepts as those ad- 
vanced by Spencer have been dubbed the 
“group fallacy” and arc habitually dis- 
credited before they are examined. 

Many developments, however, have 
taken place in the biological and socio- 
logical fields since Spencer’s time. The 
biologists have gathered much objective, 
incontrovertible data on the importance 
of social interdependence and cooperation 
throughout animal forms, the ethnolo- 
gists and anthropologists have stressed 
the existence of social integrity and of 
internal coordination in the life of primi- 
tive tribes, and the scientific world has 
in general turned more to the study of 
functioning wholes, having realized that 
the part is wrongly conceived and inter- 
preted when studied as an atomistic 
clement isolated from the whole of which 
it is an integral constituent. 
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Among those who have contribated to 
the development of this trend one thinks 
especially of Lashley (13) and his stu- 
dents in the field of brain ph3rsiology; of 
Goldstein (ij) in the neurological field; 
of Wertheimer (35), Koffka (19), Kdhler 
(10), and Wheeler (36) in psychology; 
and of Woodger (39), BertalanfFy (3) 
and Spemann (33) in genetics and in 
biology proper. One of the most sig- 
nificant advances toward a new inter- 
pretation as regards development and 
behavior on the physiological or ana- 
tomical level has been made by G. E. 
Coghill (ii, 13, 14). Prior to the careful 
observations of Coghill and his co- 
workers it was generally accepted that 
the first reactions of the developing 
animal in relation to the environment 
were of the nature of discrete responses 
of a reflex type, and it was further thought 
that in the course of the animal’s de- 
velopment these reflexes were secondarily 
integrated with one another, thus in- 
suring coordinated behavior in the or- 
ganism. Coghill, however, observing 
chiefly Amblystomay and Minkowski (17) 
the behavior of the human foetus, have 
shown that such a view is completely 
ungrounded in fact. They offer evidence 
to indicate that the first behavior in the 
developing organism is of a type that 
involves the reaction of the organism 
as a whole, and they show that the dis- 
crete, reflex type of response develops 
secondarily from this total reaction by 
a process of individuation. Even after 
the individuation of reflexes has occurred^ 
the total action-pattern retains sover- 
eignty over the partial patterns of the 
healthy organism. Coghill has further 
shown that the motor components of 
the nervous system are completed before 
its sensory connections have been formed. 
This indicates that early behavior is 


spontaneous, that it arises from within 
the organism and is not called forth by 
outside stimulation. This investigator 
has thus brought a formidable challenge 
to stimulus-response psychology and its 
various mechanistic concepts. 

In psychiatry and sociology the adop- 
tion of the newer, more organismic 
viewpoint has been slower, and the op- 
position to it more deeply entrenched. 
The most determined attempt that I 
know of to bring concepts in these 
spheres into alignment with the generally 
changing conceptions in other fields of 
science has been made by Dr. Trigant 
Burrow and his associates. In a com- 
munication published in The Journal of 
the American Medkal Association as early 
as 1914 Burrow (6) stressed the social 
nature of the neurosis and the inadequacy 
and unreliability of psychiatric criteria 
which classified some individuals as nor- 
mal and others as neurotic. As a result 
of submitting the social group itself to 
a rigid and inclusive analysis, he has in 
subsequent writings consistently insisted 
that so-called normal processes, because 
of their deviation from biologically con- 
sistent behavior, stand in as great need 
of a critical and exhaustive study as do 
the processes of the obviously neurotic 
individual. And by normal processes 
Burrow means the processes of himself, 
myself, yourself. He does not refer to 
normality as some vague generality ex- 
isting in some remotely abstract sphere. 
In Burrow’s organismic view, normal 
social processes are essentially of one 
piece with the bizarre behavior of the 
neurotic patient. The processes in the 
patient are not alien to or fundamentally 
diflferent from those processes which 
habitually receive social credence and 
corroboration. From the basis of his 
inquiries, such categories as psychiatrist 
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and patient, normal and neurotic represent 
a formulation that is too static and ab- 
solutistic to fit into a relativistic view of 
behavior and its disorders. These con- 
ventional categories proved satisfactory 
only so long as each individual was 
looked upon as a discrete action-centre 
without intimate motivational connec- 
tions with others of his species. 

Burrow was thus forced by his experi- 
mental investigations of groups to apply 
an organismic view to human behavior 
and its disturbances. His position is that 
originally man as a species represented a 
unit, a whole, just as a herd of animals 
or a colony of ants or bees is regarded 
to-day as a supra-individual complex 
with emergent properties. The primary 
basis of motivation for man's behavior 
had its origin in the species, and this 
motivation was always in relation to 
species solidarity. The individual, as a 
separate motivational unit, was but a 
conceptual abstraction. As the result of 
a bio-social faux pas^ however, the 
individual has been split off in motiva- 
tion and feeling from his biological group. 
He has assumed an arbitrary isolation 
and individuation which arc quite out of 
agreement with existing biological data. 
Contrary to our beliefs, our fancies and 
our cherished suppositions, the individual 
does not constitute the unit of social 
motivation and behavior. He no more 
represents the unit of social behavior 
than the discrete reflex represents the 
unit of physiological behavior. The 
social group, the race or species, is the 
fundamental unit. The behavior of the 
individual can only be sane and effective 
when it is in alignment with this prin- 
ciple. This conception of Dr. Burrow's 
rests upon firm, biological ground. It 
possesses in no sense a sentimental, 
religious or mystical connotation. 


II 

It will be readily seen that such a 
change in frame of reference must alter 
very fundamentally our study and inter- 
pretation of behavior. As a matter of 
fact, Burrow's researches in human be- 
havior must lead to a reorganization of 
concepts in the field of man's interrela- 
tional function in much the same way 
that Coghill's studies have reorganized 
earlier views in regard to behavioral 
development in animals. For in the 
field of man's intcrrclational or social 
organization and behavior, the accepted 
viewpoint to-day is analogous to that 
held by neuro-embryologists in regard to 
the organization of behavior in animals 
prior to the researches of Coghill. The 
individual is to-day conventionally looked 
upon as the primary element, the funda- 
mental unit out of which social units 
and social behavior are secondarily built. 
The child at birth is assumed to be filled 
with anti-social tendencies and to be 
imbued with instinctive ego-drives which 
arc directed toward self-satisfactions an- 
tagonistic to others of his kind. The 
child is thus conceived of as starting life 
as a self-centered and socially disruptive 
unit. As a result of contact with the 
social group about him — first with his 
parents and later with the wider social 
community — these destructive, anti-social 
trends are either sublimated, repressed or 
disguised, so that the individual succeeds 
in getting along with others with a certain 
degree of external harmony. We hear 
much, then, about the socialization of 
the individual. Indeed this function is 
considered the all-important task of social 
education. 

But we may ask how the data which 
we have from child psychology fit in 
with this concept. At the very outset 
we will probably recall that Piaget’s 
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interpretation of the development of 
speech in the child is in alignment with 
this traditional sociological and psychi- 
atric view. Piaget (31) holds that the 
first type of speech to appear in the 
child is ego-centric speech. It is speech 
not in relation to others but in relation 
to the child himself. The speech of the 
child is supposed only gradually to lose 
its ego-centricity and become soaal speech 
as a result of impact with the social 
forces about him. In a recent article, 
however, Vigotsky (34) furnishes ex- 
perimental data to support the contrary 
view, namely, that speech when it first 
appears in the child is essentially social 
in nature and becomes more ego-centric 
as the child grows older. He considers 
ego-centric speech as a transition from 
the social activity of the child to his 
individual functions, from cooperative 
activity to the child’s own individual 
activity. The latest experimental re- 
sults and interpretation in regard to the 
development of speech in children lend 
no support, then, to the customary con- 
ception of the child as an ego-centric 
and asocial being. On the contrary, 
these results support the view that the 
appearance of ego-centric trends in the 
child is not due to his intrinsic organiza- 
tion, but rather that they are secondarily 
acquired. 

To pass to other evidence from child 
psychology, Lewin (xi) has emphasized 
that for the child the boundary between 
the self and the environment is less 
defined than for the adult and that the 
T* or self is only gradually formed in the 
second or third year of life. Other in- 
vestigators have also referred to the 
surprisingly slow development in the 
child of the sense of the T or self, and 
have laid stress upon the fact that one 
of the most difficult concepts which the 
child has to master in his early years is 


the idea of himself as a separate, localized 
being, or as an individualized totality in 
himself. This is a particularly striking 
and interesting finding, especially when 
we consider the circumstance that from 
the background of our present culture 
the child is exposed from birth to the 
explicit and implicit assumption on the 
part of parents and the social milieu that 
the individual self or T represents the 
unit of social function, that it is a dy- 
namic totality and is only connected 
superficially with others through the 
rather secondary and artificial process of 
socialization. Now, if the child were 
by his original nature ego-centric and 
asocial, as the majority of students hold, 
it is difficult to explain why the concept 
of the T or self should present such diffi- 
culties for him. It would naturally be 
supposed that, if this were the case, such 
a concept would be his guiding principle 
and would be the earliest personality- 
constellation to make its appearance. 
The very fact that personalistic concepts 
appear at a relatively late ontogenetic 
period in the development of the child 
lends much support to the view that such 
concepts are not in alignment with the 
natural growth processes of the child’s 
organism but are rather in the nature of 
conditioned responses which are imposed 
by the child’s contact with the world of 
adults. 

'In other words, in the course of its 
development the child docs not go through 
a process of socialization but, quite the 
contrary', the process is one that more and 
more renders him asocial . To avoid being 
misunderstood let me expand this state- 
ment somewhat and ex|dain just what I 
mean. ’There is no question but that the 
growing child is trained in the social 
amenities, the cultural customs and the 
types of behavior expected of him in 
dififetent social situations. But my point 
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is that this training is on a secondary, 
superficial or conditioned level. It is 
subsequent and parallel to a process in 
which there is a weaning of the child from 
the sense of biological continuity and 
solidarity with his kind, and the establish* 
ment within him of a sense of personal 
identity, motivation and authority which 
of its nature must be in conflict with the 
identity and motivation of others of his 
social group. Expressed differently, the 
total social behavioral pattern which is 
the biological heritage of the human in* 
fant, as it is of other animal species, is 
disrupted, and an undue individuation 
takes place. This individuation, which 
in the course of time sets up an auton* 
omous individual with private hopes, 
desires, wishes, gains and losses, of 
necessity brings about severe conflict when 
the desires of two or more elements or 
individuals happen to intcrfetc with one 
another. The incentives to behavior have 
inadvertently become tied up with the 
individual as an arbitrary centre of action 
and motivation rather than with the 
social group as such a centre. 

The findings of a number of other in- 
vestigators give weight to our organismic 
thesis. Lack of space prohibits more than 
a very cursory reference to them. Recent 
observational and experimental studies by 
Crook (15) and by Alma Frank (16) report 
that there is a disruption of physiological 
coordination of function and the appear- 
ance of awkward part-responses as the 
child grows older. As a result of a great 
deal of experimental work with children 
in which they were placed in different 
tjrpes of social situations, Charlotte Bflhler 
C4> 5) points out that cooperative behavior 
among children is more primary than the 
competitive response in that it much 
outweighs the latter in the early years of 
life. Using an experimental situation 
that would favor the ex{»:es8ion of com* 
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petition, she found that this type of 
response did not make its appearance until 
about the third year of life. Gardner and 
Lois Barclay Murphy (19, 30) have also 
emphasized the presence in the young 
child of socially coordinating trends. 
Such observations will make it increas- 
ingly more difficult to adhere to our 
present psychological and sociological 
conception of the child as an ego-centric, 
antisocial being who is welded into the 
social pattern only by the force of pressure. 

Ill 

There are two other fields from which I 
should like to draw material corroborative 
of the thesis developed by Burrow. First 
is the field of anthropology or ethnology. 
Competent observers of life among primi- 
tive peoples have stressed the coordination 
and social solidarity of these groups, and 
the remarkable lack of individualism and 
competition among them . Klropotkin (11) 
supplies a wealth of material concerning 
this point. Authorities are in rathh: 
general agreement that life among primi- 
tive groups is universally based on tribal 
unity, and that the concept of individual- 
ism, as we are familiar with it, is 
meaningless to them. This seems to be 
one reason why contact with civilization 
plays such havoc with primitive peoples. 
It tends to destroy tribal unity and 
solidarity. Numerous writers such as 
Melville (i6)f Mead (14, 15), Heard (i8), 
Benedict (1) and Rivers (31) have stressed 
the extent of social integration and co- 
operation among primitive tribes. 
Archeologists have also called attention 
to the fact that in unearthing the burial 
grounds of early cultures they have found 
very few implements of a warlike nature. 
From the background of the findings of 
these excavations they have come to the 
conclusion that tribes of early, prehistoric 
man lived on relatively friendly terms with 
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one another, and that they were by no 
means as pugnacious and warlike as are 
social groups to-day. While I am fully 
aware that a number of anthropological 
authorities still adhere to the individual- 
istic viewpoint, it would seem that the 
more recent anthropological, ethnological 
and archeological students are in agree- 
ment in indicating that unbridled indi- 
vidualism is a modem growth, that it is 
not characteristic of primitive mankind. 

The other general field from which I 
should like to draw supporting evidence 
is that of the comparative behavior of 
animals lower in the* evolutionary scale 
than man. As we know, as early as 1890 
Kropotkin (xi) stressed the importance of 
the factor of mutual aid in animal life and 
gave numerous instances of this principle 
and its effectiveness in securing the sur- 
vival of the species. He pointed out that 
even in his concepts of struggle for exist- 
ence and survival of the fittest Darwin had 
consistently stressed the fundamental prin- 
ciple of cooperation in the species. 

Fmm his wide observation of animal life 
Kropotkin gives numerous instances of 
cooperation, mutual aid and social inte- 
gration among insects, birds, and mam- 
mals. More recently Allee (i), gathering 
his observations for the most part under 
controlled experimental conditions, has 
shown the beneficial effects and the 
survival value of aggregations in widely 
divergent animal groups. There is not 
the opportunity at the moment to cite 
examples, but I should like to quote a 
few statements from the summary chapter 
of Alice's book. 

**The potcntislsty of social life is inherent in living 
matter, even though its first manifestations are merely 
those of a slight mutual interdependence, or of an 
automatic cooperation which finds its first biological 
expression as ar subtle binding link of primitive 
ecological bioco en oses.,. . . Evidently," he says, 
"mutual interdependence, or automatic cooperation, 
is sn&iently widespread among the animal kingdom 


to warrant the conclusion . . . that it ranks as one 
of the fundamental qualities of animal protoplasm, 
and probably of protoplasm in general." 

Other biologists have also emphasized the 
fundamental nature of social aggregations 
among animals. To name but a few, we 
may mention Wheeler (37, 38), Morgan 
(x8) and Child (10). As a result of his 
study of plants, Clements (ii) insists that 
the same conceptions are applicable here. 

While the observations and insight of 
these investigators have been unfailingly 
keen and comprehensive when observing 
groups made up of animals and of plants, 
they have seriously faltered where they 
have attempted to carry over their con- 
clusions to civilized human communities. 
They have attempted to compare the 
family, the nation, the church, political 
parties and other social institutions with 
such organismic wholes as are represented 
by animal societies. But it is obvious 
that such social affiliations are not of the 
same order. The cooperation and inter- 
dependence which we found characteristic 
of biological foundations are not operative 
in these sophisticated social groups. 
Such groups operate from individualistic 
principles of behavior and not for the good 
of the community as a whole. Through 
his finding that man as a social organism 
is suffering from a racial neurosis Burrow 
has brought this anomaly in man's social 
behavior into line with biological data 
gdierally. As I have already indicated, 
he does not use the term neurosis figura- 
tively. He actually means that man as a 
biological animal is definitely disordered 
in respect to his social and bionomic ad- 
justment. This conclusion is not one that 
was lightly arrived at. It resulted from a 
painstaking and exhaustive analysis of 
social groups in experimentally controlled 
situations continuing over a period of 
fifteen years. As a result of investigating 
the so*^led normal ideas, beliefs, wishes. 
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emotions, motivations, etc. characteristic 
of our daily social interchange, it was 
found that the social reactions of man 
which are habitually accredited as normal 
are, from a position of unbiased observa- 
tion, as distorted and as lacking in bio- 
logical reality as the isolated responses of 
the neurotic patient. The normal indi- 
vidual, like the neurotic, was found to be 
constantly thinking and acting in terms of 
his individualized self. He has estab- 
lished an image of himself as an isolated 
unit of behavior with private values, 
wishes and motivations, and this same 
image dominates his social interrelations. 

The social neurosis, then, goes hand in 
hand with the undue individualization 
that has taken place in civilized man. 
The social institutions which man has 
constructed are built about his mistaken 
conception of himself as the essential 
motivational unit. These .institutions, 
therefore, do not have the synthesis and 
organismic properties we found character- 
istic of social groups among animals and 
plants. In human groups we invariably 
find that discord, conflict, a blatant senti- 
mentality or an esoteric mysticism are 
their guiding principles. Such groups are 
limited in their viewpoint. They have an 
axe to grind. They are in disharmony, 
conflict or competition with some other 
group. But man is still an animal. His 
biology is his most fundamental and 
ineradicable property. He has not per- 
manently lost his biological heritage of 
cooperation and of true social integration. 
The neurosis, if socially recognized, can 
be corrected. The overtly individuated 
element or individual can again be brought 
under the control of the primary action- 
centre of the race or species. 

IV 

In the preceding section I have cited 
some of the evidence from the fields of 
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child development, comparative psychol- 
ogy and anthropology as it lends sub- 
stantiation to the conception of social 
groups as organismic wholes and as it 
supports the thesis of the social basis of 
man's consciousness . Psychopathologists 
will be particularly interested in the 
implications of the present thesis as they 
may relate to the neurosis and psychosis. 
The various writers who have dealt with 
the problem of nervous and mental disease 
have agreed that the fundamental charac- 
teristic in these conditions is the presence 
of conflict. This conflict may attach to 
any number of situations. It may express 
itself in regard to essential circumstances 
in the patient’s life, or to so seemingly 
trivial a matter as what necktie to put on. 
It may find any number of symptomatic 
expressions: the patient may withdraw 
from the conflict (regression), he may try 
to solve it on a substitutive level (sub- 
limation), he may deny it in himself and 
attempt to place it in his environment 
(projection), he may seek to have others 
solve it for him (transference), etc., etc. 
But the important consideration for us at 
the moment is that conflict is an invariable 
feature of all conditions of disordered 
behavior. 

Now conflict within a personality pre- 
supposes that the personality has been 
split into parts and that these parts have 
of themselves acquired an undue inde- 
pendence in relation to the whole personal- 
ity structure. The central principle with- 
in the personality as a whole has lost its 
coordinating power in respect to partial 
components . The components themselves 
have become motivating powers in their 
own right and hence no unified course of 
behavior is possible. Psychopathologists 
have long recognized such a division in 
the personality of their patients and have 
named one of the most bafiling of psy- 
choses, schizophrenia or split-personality. 
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As this particular psychosis is one of the 
topics on which a number of papers will 
concentrate at these meetings, I should 
like to mention schizophrenia at least 
tentatively in indicating the possible 
bearing of social division and conflict upon 
psychopathological conditions. 

I should indicate at this point that 
Burrow (8, 9) has emphasized the fact 
that, concomitantly with the partializa- 
tion that has inadvertently separated the 
individuals of the race, there has in- 
evitably occurred a partializing effect 
within the individual himself. Space 
does not permit a discussion of this 
partialization which has occurred within 
the individual, but perhaps I may say that 
there is much evidence to indicate that 
there has been an undue division and re- 
striction in two of the most vital fields 
of the organism's activity. These fields 
are those of nutrition and of sex and have 
to do with the survival of the individual 
and of the species respectively. In these 
two physiologically, biologically, psy- 
chologically and sociologically primary 
fields of activation and response, the 
weight of evidence seems to indicate that 
the integrity of the reaction of man’s 
organism as a whole has to a large extent 
been vicariously supplanted by partial 
reaction tendencies. 

We have already considered the fact that 
from the viewpoint of biological data there 
is much evidence to support the thesis 
that man, with his present mental con- 
victions in regard to the independence and 
supremacy of the element (the individual) 
in relation to the whole (the race or 
species), represents an evolutionary 
anomaly of development. We have seen 
indications that such a position is not in 
harmony with biologicd data, and that 
evolution could hardly have proceeded at 
all if lower forms of life had assumed this 
arbitrary attitude. We have found much 


evidence that cooperation is a fundamental 
property of protoplasm itself and have 
seen examples of its effectiveness through- 
out the animal scale. We saw that it was 
very difiBcult for the child to delimit his 
personality, that one of the most difficult 
concepts for him to acquire in early life 
was that of being an individual "self,” 
separate and distinct from others. Ac- 
companying the artificial separation of the 
individual from the race or species, there 
has been a cleavage in the various physio- 
logical systems in relation to the organism 
as a whole (digestive, reproductive) so 
that they no longer work in harmonious 
interfunctioning. At the same time we 
have seen that there has been a cleavage in 
behavioral trends, so that conflict, inde- 
cision, and their compensatory mecha- 
nisms, are rather characteristic of the 
so-called normal personality. 

In the schizophrenic personality, this 
cleavage in behavioral trends has advanced 
to such a stage that coordinated activity is 
precluded, and the individual is no longer 
able to get along in his environment. 
There is at times a rather complete with- 
drawal of contact with regard to stimuli 
and reactions relating to situations outside 
the individual, and a concentration on a 
fanciful world within. This regression 
is usually looked upon as an escape from 
a painful reality which the personality is 
not strong enough to deal with, and a 
cemsequent capitulation to a system of 
subjective phantasy in which the patient 
can make of his world what he pleases. 
Such regressions are thought of as due to 
a diseased or faulty personality resulting 
from hereditary weakness, developmental 
trauma or from a deep-seated habit dis- 
organization. There is evidence, how- 
ever, for the view that these severe per- 
sonality disturbances and extreme regres- 
sions represent an inability to assimilate 
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socially prevalent modes of thinking and 
feeling which from an organismic basis are 
themselves dissociated and pathological. 

We know, of course, that community 
medical hygiene was a very important 
factor in eliminating the dread epidemics 
which before the rise of scientific medicine 
swept human communities. We have 
need to recognize that community mental 
hygiene is no less important in dealing 
with those behavioral disturbances which 
fill our asylums to-day and which, in the 
form of crime, war, religious discord, 
political and economic inequalities, etc. 
represent socio-pathological processes 
which are equally epidemic. But if 


mental hygiene is really to be effective, we. 
must envisage it in a more intimate, in- 
clusive, less projective manner. I think 
we shall find that, along with Burrow, we 
must come to the practical realization that 
our own daily, normal processes of inter- 
change are partitive and disordered in a 
very real sense and that we must thus meet 
the vital social challenge of replacing our 
partial, ego-centric views, responses and 
habitations with principles and behavior 
that are more in line with man’s funda- 
mental phylo-biological motivation. 

Paper read, by invitatioo, at the Tweaty-Niath 
Annual Meeting of the American Psychopathological 
Association, Atlantic Gty, June 5, 1939. 
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MAN: A CONSTITUTIONAL INVESTIGATION {Concluded) 

Br WILLIAM B. TUCKER AND WILLIAM A. LESSA 
Departments of Medicine and Anthropology ^ University of Chicago 


IV. THB MBTHODOLOGY OF CONSTITUTIONAL 
INVESTIGATION 

A BRIEF consideration should 
be given to the methods and 
techniques by which inves- 
y m. tigators have dealt scientifi- 
cally with the various aspects of consti- 
tution. In general, one may distinguish 
between the techniques of study (i.e. the 
tools used), and the methods of approach^ 
or classification^ employed for the better 
understanding of relationships. 

A, Morphological 
I. Techniques • 

Morphological techniques employed 
have been observational judgments and 
measurements. Standard anthropometric 
measurements are best used, as classically 
described and defined by Martin (188). 

In the work of recent years of many au- 
thors an important aid to accurate evalua- 
tion of the morphology of an individual 
has been the employment of scientific 
photography. Usually the individual 
studied is photographed, preferably nude, 
at a standard fixed distance from the 
camera (with a long-focus lens) in three 
views, front, back, and profile. Some- 
times additional closer views are taken of 
the head alone. This subject has been 
discussed by Pearl, Sutton, Howard, and 
Rioch (1x5). 

L. Methods of approach 
Evaluations of the variations of human 
morphology may fall into three general 
categories: somascopic, somametric, and 
scopometric (a term suggested by Cabot 

C47)). 
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a, Somascopic 

The term “somascopic** or “anthro- 
poscopic** has been applied to purely 
observational classifications of morpho- 
logic types. Popular conceptions rest on 
unorganized groupings of this kind. Since 
it is so subjective and hard to handle 
statistically, it was not until di Giovanni 
introduced anthropometry into the de- 
termination of physical types that one 
could say that the scientific study of 
constitutional types had begun. Though 
the ideal would be to put correlations of 
mind and body on a single rational basis, 
this is not quite possible at the present 
time and subjective observation must 
remain as the subsidiary tool of the 
researcher, frequently pointing the way 
to further research. That the soma- 
scopic method can rise to great heights is 
illustrated by Thomas Addison *s classic 
description of pernicious anemia (x). 
At the time, eighty years ago, when he 
described the form, skin and subcutaneous 
tissue of persons with the disease, it was 
believed he was describing effects. But 
it is now felt that Addison was really 
describing, except for the pallor, not the 
results of the disease, but rather a consti- 
tutional type which predisposes the in- 
dividual to it. 

The Frenchmen Sigaud Mac- 

Auliffc (185) and Thooris (301) have 
utilized the somascopic method to a con- 
siderable extent. Their *form types, the 
Respiratoire^ Digestifs Musculaire^ and CM- 
hral^ were inspired by a somewhat similar 
classification made in i8xi by de Trois- 
vivre (67), a pupil of Halle. According 
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to Sigaud (177), the muscular type has a 
strongly developed musculature, round 
head, broad shoulders and large chest; 
the digtstivs type has a small nose, which 
i& depressed at the base, a large mouth, 
broad lower jaw, and large abdomen; 
the nspiratory type has a broad nose and 
large chest; and the cmbral type has a 
large head, narrow shoulders and chest, 
and long narrow fingers. 

When Kretschmer (138, pp. 9-10) de- 
scribed his method for studying consti- 
tution and psychoses, he began by decry- 
ing the isolated observations of medical 
practitioners of the past, and the belle- 
tristic observations of a physiognomical 
nature. He stresses the need for exact 
science. Yet his method must be placed 
in the category of somascopic methods 
because his data, though fairly thorough, 
include few measurements (and no indices.) 

Everything depends on a complete, artistic, and 
sure schooling of our eyes, for a Kholarly list of 
single measurements without any idea or intuition 
of the general structure will not bring ns much fur- 
ther. Jhe tape measure sees nothing; it never leads 
us to a grasp of the biological types which are our 
object. 

To many such a credo is rank heresy, yet 
it was by such methods that Kretschmer 
was able to indicate much which calipers 
merely verified. Indeed, he regarded an- 
thropometric measurements as merely 
more exact formulations of what could be 
ascertained from scientific observation. 

Mayer-Gross (193), influenced by Kret- 
schmer, expresses a total distrust of the 
exact methods of anthropometry for 
ascertaining morphological types in psy- 
chiatry, but he fails to understand that 
physiognomic expression is one thing 
and measurable morphology another. 

h. ScmamHfic 

Recognizing the advantage to the scien- 
tific study of body types that is obtained 


with metric methods, many investigators 
have now adopted techniques which 
employ measurements and indices solely. 
These may be termed *'somametric** or 
anthropometric. As early as 1654 Elshol- 
zius (77) at the University of Padua had 
devised an anthropometric technique to 
be used in the clinic. Curiously enough 
after two centuries had passed another 
professor of medicine in the same uni- 
versity adopted modem anthropometric 
techniques, for di Giovanni (68) may be 
considered to have really introduced 
clinical anthropometry. 

For purposes of discussion, somametric 
techniques may be divided into those 
stressing either measurements or indices. 
Absolute measurements rarely or never 
are satisfactory in themselves, and it is one 
of the weaknesses of Kretschmer’s work 
that when he did depart from somascopic 
methods he utilized measurements without 
indices. For absolute dimensions can 
never adequately express proportions. 

Indices themselves are of two kinds, 
depending on the use to which they arc 
put — to express relative proportions of 
physical features or to express in them- 
selves the whole morphological make-up. 
Anthropologists arc responsible chiefly 
for the development of the former type 
of index. Indices of this type can, if of 
sufficient variety and number, combine 
to give a very accurate description of an 
individual or a group. They have been 
put to great use, being employed ex- 
tensively by Draper (69, 71) in describing 
his disease types. 

In order to simplify the handling of 
statistical data on morphological types, 
to avoid the subjective factor in judgment, 
and to arrive at a clear definition of cate- 
gories, various indices of constitution 
have been devised. Some of the best 
known are listed in Table 1. 



HUMAN CONSTITUTION 


TABLE X 

Stkatd e^maimtUmd mdk$s 


X. Afidreew (modified by Weicphal and Straoti) (330, p. 147): 

(cheat dfc. + abd. circ«) — (arm L -f leg 1 .) ^ 
traiisv. cheat diam. X aag. cheat diam. 

X. Borohwdt (39. P- xo8): ^ 

weight 

j. Boochwd (199. P- 484)5 or X loo 

height height 

4. BragKh C 4 J. P- 47): cheit drc./it«ure X too 

5. Bnffon CiX 7 ». P- S*): X too 

suture (cm.)' 

6. Dsvenpor. (fix. p. x6): w«|h^ ^ wdgl«^> 

Stature* (in.; suture* (cm.) 

7. Florachfitz (i8q, p. 610): — — — 

1 abd. arc. — ataturc 

8. Klineberg-Asch-Block C15X, p. 17X): t-; — — TT" 

’ titang height X weight 

shoulder br. 

9. Kretschmer (41, p. 133): -7 : — X 100 

cheat circ. 

_ . , ^ . transv. chest diam. X aag. cheat diam. X ant. trunk ht. 

10. Kfihncl (165, p. 543): 

xoo 

T L /r ^ ^ height ^ 

XI. Lenhofi (189, p. 6ao): t -: — : X 100 

abd. ci£c. 

XI, Livi (176, p. X30): — — X 100 

^ ataturc 

bi'iliac br. 

13. Lucaa-Pryor (181, p. 1119): X 1000 

stature 

. - . (femur I. 4 * tibia 1 .) 

14. Maoouvner (187, p. 64): ; X 100 

/ r T length 

15. Marburg “A" (modified by Westphal and Hartner) (319, p. 414): 

bead bt. X hand br. X ahldr. br. X chest circ. 


1 abd. circ. — ataturc 
stature* 

sitting height X weight 

shoulder br. 

“7 : — X 100 

cheat circ. 

transv. chest diam. X aag. cheat diam. X ant. trunk ht. 


ant. trunk height , 
abd. ciro. 

^ weight , 
atature 
bi-iliac br. 


X 1000 


(femur 1. + tibia 1.) , 
trunk length 


x6. Marburg ‘*B" (modified by Westphal and Strauss) (330, p. 145)' 

leg length X 10,000 


transv. cheat diam. X aag. chest diam. X ant. trunk ht. X ahldr. br* 
17. Marburg *'C' (modified by Westphal and Strauss) (330, p. 146): 

transv. cheat diam. X aag. chest diam. X hiacromial breadth 
bi-iliac crest br. + bitrochanteric breadth 


x8. Martin (x88, p. 174): 

19. Martinet (113, p. 688): 

la Mohr-Gundlach (xoo, p. 1x7): 

XX. Pearl (xxi, p. 684): 

XX. Pignet (X35, p. 373): 

13. Kgnet-Ver Vaeck (199, p. 497): 
X4. Plattner (X36, pp. )8x-3S3): 


bicristai br. , bitrochanuric br. 



shoulder br. shoulder br. 

atature/tranav. cheat diam. 
cheat drc. 4- abd. circ. + hip circ. weight 
stature 

cylindrical body vol. *■ 0.07958 (cheat circ.)* X atature 
stature (cm.) — [cheat drc. (cm.) + weight (Kg.)] 
weight 4* cheat drc. 


transv. cheat diam. X sag, cheat diam. X ant, trunk ht. 
auture* 


X tobo 
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15. Omelet Cx88, p. 275): 

16. Quetelet-Gould-KAttp (146, p. 104): 

17. Rohrer P* ^ 5 ^): 


weight 


weight/stature 

weight/ftatare* 


18. Stockholm (Si) (331, pp. 671-681): 

19. \rio»* Os. P- JJ): 


stature X shoulder breadth X thoracic depth 
sternal height 


X 100 


X 100 


transv. chest diam. + sag. chest diam. + shldr. hr. 

Trunk Index/Limbs Index 
Tratnk Indtx — (transv. chest diam. X sag. chest diam. X sternal length) 1 + (transv. hypochondriac 
diam. X ant.-post. hypochondriac diam. X xiphoid-epigastric length) + (bi-iliac diam. X 
ant.-post. hypochondriac diam. X pubic-epigastric length). 

Limhf Indix — arm length to wrist -f leg length to malleolus 


30. von Rohden (199, p. 498): 

32. Wertheimer-Hesketh (317, p. 41): 

31. Wigert (331, pp. 667-684): 

33. Wigert (331, pp. 667-684): 


symphysis height 
chest circ. X ant. trunk ht* 
leg length X 1000 

transv. chest diam. X sag. chest diam. X trunk ht. 

shoulder breadth 


X 100 


X 200 


X 200 


transv. chest diam. + sag. chest diam. 

bicristal br. + bitrochanteric br. 
shoulder breadth 


Some of these indices have been em- 
ployed by themselves to express constitu- 
tion. However, it has been seen that it 
is not adequate, or it is not possible, to 
attempt a single criterion of constitution. 
It must be remembered that constitution 
is a pattern made up of many constituent 
parts, and the single index fails to express 
this. 

Ciocco (55) has subjected constitu- 
tional indices to careful criticism and 
warns against putting too much faith in 
them. He sets down as the requirements 
of a good index that it must be simple, 
clear and significant. But in addition it 
must be definitely correlated with (i) 
the external morphologic conformation 
and (x) the internal anatomic structure. 
An index such as weight/height tells little 
regarding the first, for while it is true 
that weight is highly correlated with the 
horizontal dimensions and stature with 
the vertical ones, this index is of little 
use in going ^outside the limits of the 
intermediate euplastic habitus. Indices 
also usually fail to meet the second re- 


quirement — the expression of anatomical 
relationship and variations. For instance, 
the chest girth/staturc index may be the 
same for two individuals because the 
actual measurements may be the same, 
yet one may have a normally flat chest 
and the other an emphysematous chest. 
Moreover, an index docs not express the 
relative values to be given to the adipose 
and muscular development, which may 
difiPer in individuals of the same skeletal 
habitus. McCloy (195, 196) has given 
these difficulties very careful consider- 
ation. 

Bcncdctti (15) expresses dissatisfaction 
with all indices except Viola’s trunk 
index /limbs index. 

Hauchmann (1x3), in making an evalua- 
tion of indices, calculated the degree 
of correlation between the body build as 
determined by somascopic techniques and 
the results obtained through the applica- 
tion of indices. He found that Pignet's 
index (sec Table 1) came closest to ex- 
pressing morphological structure (r = 
—0.76). Ciocco (55) insists that it is 
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nevertheless impossible to give a rational 
statement of the precise physical meaning 
of a particular value of the Pignet index, 
whereas Bencdctti (15) raises the suspicion 
that Hauchmann may have made false 
correlations in obtaining his results. 

Implied in most work with single 
indices is the assumption that there is an 
ideal average. This is an untenable sup- 
position. It is probably impossible to 
define accurately the “normal type,** 
which is not to be confused with the 
“average** or the “ideal.** Just as the 
average of many measurements is no 
indication of normality, neither is the 
average of several indices. 

In conclusion, while biometric figures 
arc useful guides, one cannot, as Petersen 
(x3o) expresses it, “make a constitutional 
classification solely on the basis of 
mathematics . * * The whole nature of con- 
stitution would be misunderstood without 
a realization of the fact that an index 
cannot fully express the interrelated na- 
ture of constitution — a sort of spider 
web with many constituent parts. 

f. Scopometrk 

Midway between such extremists as 
Torok, a Hungarian who took five thou- 
sand measurements on the skull alone, and 
Sergi (169), who once proposed that 
measurements be entirely done away with 
and only observations used, lie the major- 
ity of modem students of body build. 
Their method may be called ‘*scopo- 
metric,** or a combination of somascopic 
and somametric techniques. Racial 
anthropology has found it extremely 
valuable to employ careful observations 
along with measurements; even though its 
objectives arc different from those of 
constitutional studies — one may not prop- 
erly speak of “disease races** — this con- 
junction of techniques has its applicability 
in constitutional investigation. 


It is to be noted that when scopometric 
diagnosis is employed investigators place 
relatively less reliance on data procured 
by observations. For example, although 
Hooton (134) utilizes a few dozen types of 
observation in describing the 17,000 
subjects of his criminal study, he uses 
indices alone in his analysis of body build. 

3. Methods of classification 

Aside from the techniques of gathering 
data there is the important problem of 
how the material shall be handled for 
classifying the various types of habitus. 
It will be instructive to observe the man- 
ner in which various investigators have 
tried to establish categories of body 
build, especially when dealing with the 
relation of morphology to disease. 

Some have created more or less arbitrary 
somatic types and then have cast about 
to see what diseases seem to characterize 
them. This method has been employed 
by Viola (3 09) (megalosplanchnic and 
microsplanchnic types), Sigaud (2.77) (re- 
spiratory, muscular, cerebral, and digestive 
types) and Kretschmer (158) (asthenic, 
athletic, pyknic, and dysplastic types). 
It is to the advantage of this method that 
it utilizes but a few categories and is easily 
applicable in the clinic. However, few 
individuals fit such categories perfectly, 
for the great mass of people are not well 
differentiated and are usually found to be 
intermediate. From earliest times men 
have been disposed to favor this manner 
of classification, but its advantage of 
simplicity has been vitiated by the 
difficulty of handling it statistically. A 
similar tendency to simplify, with bi- 
partite classifications, is seen in the 
physiological differentiation between 
vagotonia and sympatheticotonia, and 
the psychological dilfferentiation between 
schizothymia and cyclothymia, betwedi 
schizophrenia and the cyclic psychoses. 
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Some justificatioa for this type of divi- 
sion is apparent in the tabulation of data. 
If all individuals vrere geometrically alike, 
then body weight would vary directly as 
the cube of height, for height is a linear 
dimension and weight, or mass, a cubic 
one. When actual height-weight tables 
ate examined this is seen not to be so. 
Such a table has been prepared by Kaup 
(146, p. ii8) in Biohgit dtr Pirson (44, 1 .), 
and it can readily be seen here that there 
is a discrepancy between the actual 
weights and the theoretical ones (cf. 
Table i). Such figures demonstrate that 
human beings are not free to vary in all 
directions; as the result of such a limita- 
tion the average short man must be re- 


is also suggested that perhaps when an 
individual has one characteristic which 
deviates from the average, other char- 
acteristics in the germ plasm may be 
linked with this and cause a greater 
deviation. 

Another philosophic form of specula- 
tion, from an evolutionary point of view 
more broad and more vague than the onto- 
genetic or even the phylo-genetic, may be 
worth considering briefly. Life in its sim- 
plest form, as now known, probably (orig- 
inated as a cell nearly spherical in form, 
with the greatest conservation of mass to 
surface area. This probably served for pro- 
tection of the individual when motion was 
not as necessary as self-preservation. But 


TABLE i 


C§mfmit$n $f Mtud mul thtmRkal wtighs 


AinrxoBiTy 

tBKOni CLAMB8 

ntBCBMTAOB 

oimmiNCB 

xi.5% 

tfectts. 

170 cm. 

tSocm. 

Sebweifug 

11 

66.6 kg. 

74 } kg. 
71.0 kg. 
71.9 kg. 

13.4% 

xo.o% 

lj.0% 

Brugteh 

RantiDAnn 


TheoreticBl Weight 

60.0 kg. 

70 0 hg. 

8 } -4 kg. 

40.0% 


garded as a different geometrical type 
from the average tall man. (See also 
section II. E. 3 for other discussion of 
height-weight relationships.}^ 

How can such a limitation be explained? 
One could speculate that far back in 
human history there were two distinct 
geometric types of races and that in the 
mixture of these ancient stocks clean cut 
types have been lost, but sometimes tend 
to reappear. Or one might maintain that 
a process of natural selection is at work — 
individuals who are tall mutt find it a 
great advantage to have a body- 
surf ace/weight ratio below the theoretical 
normal, for heat is lost from the surface 
and the greater the' surface the higher 
must be the metabolism. The p<}tsibility 


there probably came a period when motil- 
ity was of greater importance. While a 
sphere can roll, in doing so it is at the 
mercy of its environment; to exercise 
glreater control of such motility an evolu- 
tion of form must take place. Very pos- 
sibly the hypothetical primordial 
biological sphere became roughly ellip- 
toid, cylin^ical, or even developed 
rectangular or block-like projections. So 
may have been introduced primary ele- 
ments of greater ruggedness, possible 
aula$€ of systems of locomotion. If 
such an evolutionary trend is carried 
farther, mass shrinks rapidly in proportion 
to linearity, and, carried to a logical but 
extreme conclusion, one might expect 
some form approaching a pole or a rod. 
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or even an hTpothetical straight line, 
having only one dimension — but survival 
value would be lost somewhere along 
such an evolutionary road. 

Perhaps it is not too fantastic to draw 
parallels between such hypothetical primi- 
tive forms and different kinds, sizes, and 
shapes of man himself. Man must loco- 
mote, and has extremities for this purpose. 
Man's head protrudes, too, the letter 
to enable him to control his environment. 
Aside from extremities and head, however, 
he may be considered roughly cylindrical 
in. form. The cylinders of some indi- 
viduals definitely approach the sphere in 
shape; in others a blocky cylinder or 
rectangle or block; and in still others go a 
long way toward the lack of sufficient 
material substance to maintain life. It 
is small wonder that these latter, the 
leptosomes or asthenics, have been called 
by some the “hyperevolute." 

But such philosophic speculations and 
explanations are idle and without scien- 
tific value, and are offered here as no more 
than food for thought. 

Another method of morphological clas- 
sification, quite as arbitrary as the one 
already discussed, bases its categories on 
extreme types of habitus — dysendocrine 
types, progeria, the diatheses, status 
lymphaticus, and various pathological 
groups. The method is satisfactory with- 
in its obvious limits: it has applicability 
only for extreme types. Moreover, the 
groups so formed are not equally pure; and 
there is no discrimination between those 
with disease and no disease. The tech- 
nique does, however, give some good 
leads, for it shows that within the general 
population many individuals do belong 
to such extreme types who otherwise 
would not be well differentiated. (It is 
true that some of these t3rpes always 
appear in relatively pure form, e.g. 


mongolian idiots .) Little is known of the 
nature or origin of such types. 

There is still another method of clas- 
sification, that of the physical anthro- 
pologist. In combining the two above 
methods it has proven more satisfactory 
than either. Data is gathered on a group 
of individuals who, it is suspected, corre- 
late with the category under investigation, 
and this group is compared with another 
similarly treated to determine if there is a 
significant difference. In this way an- 
thropologists have been able to establish 
descriptions of races, growth changes, sex 
differences, etc. This method, for exam- 
ple, has been used by Draper. Data 
secured on patients is separated according 
to disease groups and the classifications 
so created compared with one another in 
order to see if significant differences are 
apparent. A variant on this technique 
is to gather data on as large a group as is 
pertinent to the study, segregate those 
individuals which tend to cluster about 
certain types, and then determine if such 
types correlate with whatever category 
one may be investigating. 

Temporarily such methods may have 
great value. But when valid systems of 
morphological classification and norms 
shall have been worked out for the entiro 
fofulation it would seem the more logical 
procedure to compare given groups with 
such norms, rather than employ inter- 
group comparisons. 

B. Physiological — Techniques and methods 

The methodology of investigation in 
the physiological aspect of constitution 
is much less well organized than in the 
morphological. In general the techniques 
are those developed by the biological 
scientists, chiefly the biochemists, the 
physiologists and the clinicians, and the 
physiological characters studied arc frag- 
ments of the total individuality without 
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much systematic classification. These 
fragments individually are not without 
their significance but generally they arc 
so minute that the significance of each is 
hard to discern. 

The hope of the future in this field lies 
in endocrinology, as the Italian school 
has pointed out. As simpler and more 
accurate methods for studying endocrine 
physiology arc evolved it may be possible 
to elaborate a classification of constitu- 
tional physiology that will at once be 
comprehensive, be easily correlatable with 
both morphology and psychology, and 
serve as the skeleton onto which to fit the 
soft parts of the more detailed physiology 
now studied almost exclusively. 

Lacking such a schema at the present 
time, it is still well to mention the chief 
methods of evaluating physiological dif- 
ferences. Day (64) has compiled a very 
complete list. It is unfortunate that this 
phase of biological investigation has 
emphasized too exclusively the establish- 
ment .of standards to the comparative 
neglect of possible laws governing the 
variations of individuals from such stand- 
ards — i.e., statistically speaking, emphasis 
has been on determining the mean at the 
expense of the standard deviation. 

Pende (zx8, pp. 65-74), In discussing 
his study of the “dynamic-humoral cri- 
terion** of constitution (his term for the 
equivalent of the physiological aspect), 
lists and describes the following useful 
techniques: basal metabolic rate deter- 
minations; determination of the specific 
dynamic action of food; study of glycemia 
and carbohydrate tolerance; a physiolog- 
ical anamnesis to determine the stability 
of the autonomic nervous system; pharma- 
codynamic tests with epinephrine, 
pilocarpine, eserine, atropine, histamine, 
insulin and ergotamine; certain special 
reflexes as the oculo-cardiac reflex, the 
pilomotor reflex, and certain pupillary 


reflexes; and reactions of the skin to light 
scratching (dermographia) and to intra- 
cutaneous injections of numerous chem- 
icals. 

Study of the electrocardiogram and of 
the spirogram have also been employed, 
and the detection and study of electric 
currents in other parts of the body may 
hold considerable promise. 

C. Pathological — Techniques and methods 

The methodology of the pathological 
aspect of constitution is that of the 
clinician and the pathologist, and is so 
well known as not here to need description. 
Organization and classification* of patho- 
logical observations along taxonomic lines 
is, as in the case of constitutional physiol- 
ogy, somewhat fragmentary and inade- 
quate, although the most careful workers 
in this field seek constantly to keep the 
integrated individual, and not simply his 
pathological parts or organ systems, as 
the prime consideration. The total list 
of possible pathological ailments afflicting 
man today recognized as clinical entities 
or pathological conditions runs into the 
thousands, and fills 600 pages of fairly fine 
print in the Standard Classified Nomen- 
clature of Disease (x86). Such diagnoses 
are to be considered the sound basis for 
the correlative study of pathology in 
constitution, at the present time. 

D: Psychological — Techniques and Methods 

The methodology used in the recogni- 
tion of personality types is not to be 
confused with that of determining mor- 
phological types, earlier discussed. 

Personality types may be diagnosed 
in the following ways (47), techno- 
logically and methodologically: 

(x) The clinical diagnosis of psychoses (e.g., 
schiiophrenia and manic-depressive psychoses). 

CO The diagnosis of personality types by means of 
antodiagobsis, where the subject answers qnestions 
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presented either during the interview or when ex- 
pected in response to a paper and pencil test. 

(3) The diagnosis of personality types by means of 
observation of behavior. 

(4) The diagnosis of personality tyjpes by means 
of a combination of any of the preceding methods. 

Most of the work in the field of psychol- 
ogy stems from the two pathologic types 
of the psychiatrists first delineated by 
Kraepelin — schizophrenia and the manic- 
clepressive psychoses. Utilizing these 
clinical categories, Kretschmer (159) came 
to the conclusion that even normal 
personalities could be correspondingly 
dichotomized into schizothymes and cy- 
clothymes, associated respectively with 
the asthenic and the pyknic habitus, as 
in the case of the psychoses. Few of the 
investigations into the psychological as- 
pect of constitution are concerned with 
anything else than an attempt to verify or 
discredit Kretschmer. For this reason 
resulting psychological classifications are 
intimately interwoven with morpholog- 
ical types, attempting correlations by 
what has been called “experimental clini- 
cal diagnosis.** The chief subjects of 
inquiry along this line have been in the 
psycho-motor responses, physiological 
functions, color reactions, psycho-galvanic 
reflexes, school ability, handwriting, and 
stuttering. 

The chief criticism of the majority of 
such investigations has been the fact that 
very seldom has data been accumulated 
on relatively normal individuals; the 
subjects have usually been institutional 
or clinical cases. 

Draper (71) has expressed great faith 
in the psychoanalytic approach to the 
understanding of the psychological back- 
ground of the individual, saying that 
“the methods which have proved most 
valuable at the Constitution Clinic not 
only as therapeutic forces but for the 
purpose of research have been those of free 
association and the dream.'* 


Intelligence is also studied, and the 
methodology of the study of this part of 
the psychological aspect is well known, 
the Stanford-Binet Test being the stand- 
ard. Various other tests have been de- 
vised to study various intelligences, such 
as the mechanical aptitude test, the rapid 
reading test, word association tests, color 
fusion tests, perception span tests, etc. 

V. RESULTS OF RESEARCH 

A. Morphology 
I. Systems of classification 

It is a curious and perhaps significant 
fact that 1500 years ago Hippocrates 
(1x9) said that there are two roots of 
human beings, the long thins and the 
short thicks. Almost all simple classifi- 
cations of type since that time have nearly 
the same basis, despite variety of nomen- 
clature and detail of description. Even 
in the world of insects has such a distinc- 
tion been made, especially in the delightful 
essay by Wheeler on the Physiognomy of 
Insects (331). The slender type of human 
has been variously called the leptosome, 
the longitudinal, the linear, the asthenic, 
and the dolichomorphic; the broad type 
has been called the plethoric, the apoplec- 
tic, the pyknic, the gouty, the arthritismus^ 
the round type, and the brachymorphic. 
This bi-polar grouping is useful for its 
simplicity and has been described in detail 
by Stockard (X94, 195). Hackel (117) 
has summarized the various methods of 
classification that have been employed. 
A comparative tabulation of the many 
systems that have been used is given in 
Table 3. 

Careful inspection of this table is 
warranted. It is obvious that the various 
systems represent different, but only 
slightly different, approaches to the prob- 
lem of human morphology taxonom)r* 
Some are primarily morphological, others 
include physiological properties inferen- 
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tially related to morphological variants. 
Indeed the approaches are so varied that 
it scarcely seems logical to compare the 
different schemata, on first glance. As 
Wertheimer and Hesketh have said (3x7, 
P- 9 > 

... it may appear inappropriate, or even an)iift, 
to chart tide hy tide the clattical traditional typet of 
Hippocratet, the romantic-tymbolic tytcem of Camt, 
the etthedc mythological analogiet of the Englith 
anthropologitt Walker, the dogmatic pathological 
**combinationt*' of di Giovanni, and the clinical 
anthropometric findingt of Manouvrier, Viola, 
Bmgtch, and Davenport, the brilliant intuitive 
divitiont of Sigaud and hit pupilt which have been 
put to clinical ute by Juliut Bauer, the pathological- 
anatomical obtervadont of Rokitantky, Beneke and 
Kundrat, the anatomical t3rpet of Milb and Stockard, 
and the careful clinical detaipdont of the ptychia- 
tritt Krtttchmer. 

The striking conclusion is that despite 
this diversity of methodology there are 
certain clearly recogniaable and generally 
agreed upon elementary variations in 
human morphology. Korinyi (155) 
states, after a careful and thorough 
review of the major approaches to the 
methodology of the study of constitution: 
**. . . the foregoing attempts to distin- 
guish various types of men, from widely 
diflferent points of view, lead always to 
approximately the same results,” and 
concludes deductively that there must be a 
highly reasonable validity in the major 
classificatory systems distilled from these 
men's observations. 

It is true that the complexity of the 
problem baffled some workers. Stockard 
(195) reduced all variations to a bi-polar 
distribution, mentioning only briefly the 
"intermediates” or "normals.” This 
same general schema is also adopted by 
Manouvrier (187), Bryant (45), J. E. 
Goldthwait (103), Kugelman (164), and 
Bean (ii). Rautmann (140, X4i, X4X, 
M3)» studied the inter-relations 
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of the body in its various parts and has 
worked out a fairly simple classification. 

Such a bipolar oversimplification has a 
certain statistical validity. If any single 
criterion is used to differentiate variations 
from the mean, it is found that individuals 
fall into a distribution pattern approxi- 
mating the bell-shaped curve of "normal” 
distribution. This is well known by all 
biometricians, and is discussed simply and 
adequately by Harris (111). McClo^ 
(195, p. 11) points out that whatever 
index is used to determine body build the 
result is such a distribution. In the 
present state of inexactitude and confusion 
it is perhaps not unnatural that the 
emphasis should be placed primarily on 
the two extremes and reference be made 
to all others as "intermediate,” as Pearl 
and Ciocco (54, xxi) have done in their 
otherwise excellent study of body build in 
relation to disease. 

Some workers have gone so far in this 
reinterpretation that they seem to have 
overlooked original definitions and de- 
scriptions. Pearl (xxi), for example, 
has placed Kretschmer's "athletic type” 
in a position intermediate between his 
"leptosome” and his "pyknic,” largely 
on the grounds of statistical necessity. 
A careful perusal of the descriptions of 
the "types” of certain authors, however, 
as of Rostan (X51), Sigaud (xyy), and 
especially KretseWer (158) suggests the 
recognition of a fhird major variant^ i.e., a 
deviation from the mean in a third dimen- 
sion, in addition to the two most easily 
recognizable forms, the very linear and 
the very lateral . This third element is the 
very stocky and muscular as distinguish- 
able from the "pyknic.” 

It is true that even Kretschmer, who has 
among recent writers contributed most 
to the recognition of this third variant, 
is confused in his distinctions between 
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his “athletic** and his “pyknic** types. 
This general confusion seems to arise from 
the general failure to observe that at the 
end of the distribution (according, e.g., 
to a height-weight relationship criterion) 
opposite to the slender there are two 
fundamentally different kinds of * ‘lat- 
erals’* — the very heavy due to a relatively 
high degree of development of deposits 
of fat, and the very heavy due to a rela- 
tively high degree of development of the 
musculo-skeletal elements of the body. 
Toward the other end of the distribution, 
there is also confusion between the basic 
morphological elements of the asthenic 
and the athletic types. Carol! and Gor- 
man (49) examine this confusion carefully 
and distinguish with considerable success 
between length per se and gracility or 
slenderness C&rileX and note Kretschmer’s 
changed terminology in his later writings, 
in which he replaces the less meaningful 
term “asthenic” with the more accurate 
and expressive term “leptosome** (= deli- 
cate-bodied). The same confusion is 
reflected by McCloy (195, p. 19), who 
makes the statement that “the linear 
type in general has a larger musculature 
proportionate to his vegetative or visceral 
parts.” 

Von Rohden (317), in a study of psy- 
choses (see section V. D. i. b.), uses as 
his basic morphological classification the 
trichotomous system of Huter (139), 
formulated about 1880. This divided 
people into three groups or types: cerebral 
(mpfindungstypus)^ muscular (krafttjfpus\ 
and digestive (jmdhrungstypus\ with ecto- 
dermic structures (skin and central nervous 
system) predominating in the first case, 
mesodermic structures (chiefly bones and 
muscles) in the second, and endodermic 
(digestive apparatus) in the third. This 
is remarkably similar to Kretschmer’s 
basic classification, and Kretschmer may 
have been influenced by Huter’s descrip- 


tions, although he does not refer to him 
in his book (158). Von Rohden (317) 
employs this basic classification in his 
study and finds schizophrenics to be 
prcdominently ectodermic, or leptosomic; 
epileptics predominantly mesodermic, or 
athletic; and manic-depressives predomi- 
nantly endodermic, or pyknic (see section 
V. D.). This work ,of von Rohden’s 
seems carefully done and important, 
except that it seems to give an unusually 
high percentage of leptosomics (ecto- 
dcrmics) in the “normal” population, 
and this casts some doubt upon the 
validity of his classification. 

Saltykow (2.54), employing certain an- 
thropometric measurements, observes five 
different elements — asthenic, gracile, 
fibrous, pyknic, adipose — among individ- 
uals, and classifies them according to 
various combinations of these elements. 

The clearest description of and distinc- 
tion between the three almost universally 
recognized elements or components of the 
body seems to have been made by Sheldon 
(x74). Sheldon has made three unique 
contributions to the science of somatol- 
ogy: (i) he has cleared up much of the 
inaccurate distinctions between basic mor- 
phological elements; (2.) he has ascertained 
that each element, or component, exists 
to some degree in every individual, on a 
sliding scale from very low to very high, 
which he has arbitrarily divided into 7 
units, thus avoiding the “type” error; and 
(3) he has perfected a scopometric tech- 
nique, combining photography, observa- 
tion, and anthropometry, which appears 
to measure degrees of these three compo- 
nents with high accuracy, validity and 
reliability, based on studies of several 
thousand “normal” and psychotic 
individuals. 

Sheldon has chosen to consider as the 
first component that element generally 
identified with and called “digestive” or 
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**pyknic"; as the second, that called the 
'^muscular" or **athletic"; and as the 
third, that called the “leptosomic** or 
‘‘asthenic” — but with important differ- 
ences in the recognition of each. It is 
interesting to note that Sheldon now 
calls these three components, respectively, 
endomorphic, mesomorphic, and ectomorphic, 
terminology strikingly reminiscent of 
Huter and von Rohden, although Sheldon 
earlier employed the terms pyknosomic, 
somatosomic, and leptosomic, respec- 
tively. The term trypherosomic has also 
been suggested (Dr. George Gomori, of the 
University of Chicago Clinics) to denote 
the first, pyknic, or endomorphic com- 
ponent (Grreek: ttypheros = soft, round, 
with connotations of femininity, and soma 
as body). 

Much of the more recent morphological 
taxonomy avoids the tendency to bi- 
polarism. The most outstanding work 
in the anthropology of disease has prob- 
ably been that of Draper (69, 71). Utiliz- 
ing anthropometric and anthroposcopic 
techniques and jaw casts, he describes 
various disease “races.” Draper was 
careful to state that measurements alone 
could never express all the subtleties of 
contour and feature proportions of the 
human face. For this reason he also 
recorded impressions. 

The groups which he describes in detail 
are the gastric ulcer, gall bladder, perni- 
cious anemia, nephritis and hypertension, 
diabetes, acromegaly, acute rheumatic 
fever, hypertrophy of prostate and pul- 
monary tuberculosis. Draper is well 
aware that the individual constitution is a 
complex organism and does not neglect 
to tie up morphology with sex, heredity, 
and psychology. Realizing the impor- 
tance of serology and physiology, he has 
recently also begun to study these aspects 
of constitution in some detail. 


1. Applications and criticisms 

In an attempt to investigate the func- 
tional adequacy of the various types of 
pelves, Greulich and Thoms (112.) com- 
puted the percentage of women of each 
pelvic type who required some sort of 
operative intervention during delivery. 
If proof of the adequacy of a given pelvic 
type is its ability to function efficiently 
during parturition, say these writers, then 
the adequacy of the long oval and the 
round pelves is convincingly demon- 
strated, for the incidence of cesarean sec- 
tion in a series of 600 cases was: 


dolichopellic o. 0% 

mesatipellic 0.7% 

brachypcilic 4.3% 

platypcllic i5«4% 


The “normal” pelvis is found to be far 
from the transversely flattened type which 
the literature of obstetrics and even 
anthropology has claimed, for the long 
oval and round pelves are much more 
common to all races and social groups. 
Strangely, women enjoying a better eco- 
nomic level and a superior physical status 
had a higher percentage of dolichopellic 
pelves, a condition which has even been 
called “anthropoid,” but which is ac- 
tually better adapted for delivery. Greu- 
lich and Thoms believe that nutritive and 
other factors which permit the attainment 
of maximum normal growth also prevent 
the undesirable transversely flattened 
pelvis. It is interesting to note that 
no association was found between pelvic 
type and the rest of the body. 

Morphology is frequently attacked as a 
method of approach to constitution by 
writers who believe it is not important 
as a deciding factor in the etiology of 
disease. Feigenbaum and Howat (88) 
state categorically that “there is little 
doubt that many attributes of the body 
which have been said to render a person 
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displaying them susceptible to a certain 
disease have actually been produced by 
disease/* They see no connection be- 
tween physical constitution and three 
types of disease which they investigated — 
peptic ulcer, cholecystitis, and diabetes. 
Using Draper's methods and even arriving 
at results which agree with his, they 
nevertheless believe that these results 
are negative in the light of their own 
statistical treatment. However, it seems 
unwarranted for Feigenbaum and Howat 
to expect to find significant differences on 
all or any appreciable number of the 
anthropometric measurements and indices 
taken. They do make an important con- 
tribution in this subject in pointing out 
the comparative futility of depending 
solely on anthropometric techniques with- 
out integrating and correlating them into 
a more comprehensive pattern. (For a 
further discussion and interpretation of 
their work, see section V. C. 6.) 

Hess and Blackberg (1x7), though ex- 
pressing faith in the importance of con- 
stitution in etiology, conclude that their 
work in the production of rickets in 
puppies shows the physical type of the 
animal is not the deciding factor. 

Says Matthew Young C333) after a study 
of the physical type of a large number of 
children with asthma and. rheumatism, 
using a third group of normal children 
as a control: 

The diflfereooet in the three groups of children, the 
Mthmstk, the rheumstic, end the normal, in respect 
to the aggregated physical characters brought under 
reriew, are relatively so slight that they cannot be 
considered to support the view that Mthmadc and 
rheumatic childtM really didfer on the average from 
one another or from the general population of children 
from which they are drawn in bodily conformation 
or physical type, though they may possibly, indeed 
probably, differ in other constitution traits. 

These critics, far from disbelieving in 
the constitutional factor, believe that 


it is necessary to make investigations in 
other aspects rather than physical con- 
stitution. Draper (71, p. 105) himself, 
who has relied so largely on morphology, 
has said on the subject: **In itself, the 
study of human morphology adds perhaps 
but little; as a means to the larger concep- 
tion of the man as a whole, however, it 
is well nigh indispensable." 

Aside from investigation of constitu- 
tional morphology itself, the rest of 
research in constitutional studies consists 
chiefly of the application of morpholog- 
ical techniques and classifications to an 
investigation of other aspects of the field 
as a whole. Specifically, it is Concerned 
with studying the correlations between 
morphology, and physiology, pathology, 
and psychology, as outlined in the state- 
ments of the objectives of constitutional 
research (see section III). The balance 
of this paper will be concerned with such 
interrelationships . 

B. Physiological variations rclatod to 
morphology 

As has been stated, the methodology 
of the investigation of the physiological 
aspect of constitution has been relatively 
unsatisfactory, — unsatisfactory in the 
sense that the work done has not been 
well integrated and so is less meaningful 
than it might be. 

X. Detailed physiology 

But a number of interesting and im- 
portant investigations have been made 
relating morphology to physiology. 
Petersen (130) summarizes many of these 
in an excellent review, under the following 
headings: 

BM frttsmn: the tverage levels of both sjrstolic 
and diastolic readings are higher in hypersthenia, 
and tend to be progressively lower as the body build 
varies toward t^ asthenic. 

Hmo Npkt k systm: a **greater loactiooal ca« 
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picicy" it fottod in the hypertthenici, together with 
ft higher blood connt, on the ftverftge; the fttthenict 
show ft greftter tendency to ftnemift. Petersen quotes 
Bryftnt ftnd Liwschin ss finding epproximstely the 
ssme correlftdons, though with slightly different 
morphologicftl clftssificsdons. 

Urk s€uh increftsed in hypertthenics even without 
diseftse, snd is of course especiftlly elevAted in pftdentt 
with obesity, gout, gftll-blftdder disease, arteno- 
sclerosis, hypertonia, and bronchial asthma, which 
diseases Petersen sutes are all comparadvely rare in 
asthenics. 

Ftrmmf bsUmt: catalytic energy of the blood is 
highest in hypersthenics, lowest in asthenia. That 
is, hypersthenia show in general higher catalydc 
and lower diastadc energy than asthenia. Petersen 
quota Morew as having confirmed these observadons 
in children. 

BUrntbin: asthenia show higher valua than do 
hypersthenia. 

CsfiUmy fmmMiiy: lower in athletia and hy- 
persthenia. 

Skim rtsetwu: superficial dilatadon of the capil- 
laria occurs commonly in the pyknia, contracdon 
in the asthenia. 

Vmsomtor stability: more reacdon to epinephrine in 
asthenia. 

Gmral tissut nmetkm: pyknia exhibit an inaeased 
irriubility of the tissua to various substanca early 
in life, with resuldng greater wear and tear in adult 
life, and the opposite is the case in asthenia. Peter- 
sen believa this may be *‘a trophic principle sufficient 
to account for the differcnca in the reactivity of the 
two typa towards diseasa" (p. 155). 

Fsf mtmbtlim: the lipolytic index is greater in 
hypersthenia, and they produce, use and store fat 
to a greater extent than do asthenia; there is in- 
creased lipemia and lipolyde energy in the hyper- 
sthenia. 

Cmtbpbydrmft mtmb^lism: diasutic enzyma are low 
in hypersthenia, and higher in the blood of asthenia. 
The latter, too, show a greater tendency to hyper- 
glycemia: to the glucose tolerance tat they exhibit 
greater lability, in that the blood sugar risa more 
sharply and returns to normal more rapidly than is 
the case with hypersthenia. 

JUMSfkmtkm: the vital capacity is proportionately 
greater in asthenia, and they have a better gaseous 
exchange. 

Petersen and Levinson (131) in 1930 
studied , a series of "normal" men, and 
divided them, according to a weight- 
height ratio, into the more slender and 
the heavier quartiles, discarding the 
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intermediate two quartiles, and con- 
trasted a number of physiological variables 
in the two groups, with the average age 
the same in the two cases. They tabulate 
their findings as follows: 


PHYSIOLOGICAL BXACnOHS 

HEAVY oaoup 

aUMDXl OlOUP 

Capillaria 

0.57 

0.63 

Blood sugar deter- 



minadoDs (fasdog). 

73.8 mgm. 

69.5 mgm. 

K/Ca rado 

i.o8 

1. 81 

Threshold of muscular 



irritability 

3.48 m.v. 

1.38 m.v. 

Epinephrine reacdon. . 

+8%ina. 

ina. 

Cholesterol 

115 mgm. 

110 mgm. 

Reacdon to Kromayer 



irradiadon 

X hours 

i.L hours 

Carbon dioxide com- 



bining power 

54-5 

58.5 


It is obvious that some of these results are 
probably not significant, especially as no 
statistical evaluation is presented, but 
this approach to the problem is neverthe- 
less of interest. 

Petersen and Willis (2.31) also examined 
the capillary permeability of normal 
medical students in relation to body 
build. They found a distinctly lower 
permeability in individuals of athletic 
physique than in the group studied as a 
whole. Brugsch and Lewy (44) found 
the blood supply in relation to muscular 
development greater than average, espe- 
cially in the athletics, and found that if 
the vascular system was well developed, 
muscular hypertrophy resulted; if the 
vascular system was small, no hypertrophy 
was noted. 

Tschemorutsky (306) found a distinct 
correlation between cholesterolemia and 
body build, with lower figures in the 
asthenics, thus in general confirming the 
figures of Petersen and Levinson given 
above. Petersen (130) likewise quotes 
Miasnikow as having obtained the fol- 
lowing figures for cholesterol in the blood: 
1.8 per cent for hypersthenics, 1.3 per 
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cent for asthenics^ increasing with age 
in both groups, but maintaining the same 
differential for each age group. 

Gildea, Kahn, and Man (loi), in an 
extremely well done study of certain bio- 
chemical-morphological relationships in 
normal students at Yale, separated the 
extreme pyknics and the extreme lepto- 
somes, much as Petersen and Levinson 
did, and found consistently higher figures 
for serum lipoids in the pyknics than in the 
asthenics, the average difference being 
8.7 times the probable error of the differ- 
ence for men and x.5 for the women. 

Ortfried Muller (104) noted differences 
in the skin capillaries of pyknics and 
asthenics, observing that the pyknics 
in general had large capillary venous 
dilatations, as for example, over the nose 
and cheeks, wide capillaries in the upper 
chest, venectasia in the pelvic region, and, 
generally speaking, a capillary bed of the 
extremities showing less change, than in 
the asthenics. In the asthenics he noted 
evidences of a tense neuro-vascular mecha- 
nism, as a pseudo-anemic pallor of the 
face, and bluish, clammy hands with 
dilated subpapillary venous plexuses. 

Katase (144) states his belief that the 
acid-base balance of the diet has some- 
thing to do with the body build of an 
individual. He infers this from animal 
experiments in which he found that young 
animals fed on alkaline diets show a rela- 
tively broad development as compared 
with their controls, and animals fed an 
acid-forming diet exhibit a relatively 
longitudinal development. Petersen 
lends some validity to this novel argument 
when he notes (130, p. X95) that “typi- 
cally pyknic individuals apparently have 
a tendency to retain basic valencies as 
contrasted to the leptosome." 

Borchardt (37), in addition to his stud- 
ies on the relation of heredity to disease 
(section n. D. 4.), has call^ attention 


to the importance of the term introduced 
by Umber, “histiogenic retention,” be- 
lieving that this deserves broad applica- 
tion in understanding the different physio- 
logical qualities of the pyknics and the 
asthenics. Brugsch (41) employes the 
same concept when he speaks of the 
“lipogenic tendency of the tissue” of 
pyi^ics. Borchardt goes further in this 
regard, and states that because of a 
greater “histiogenic retention” in pyk- 
nics, they have better conditions of 
insulation and lower metabolic require- 
ments, thus explaining his observations 
that the basal metabolic rate is definitely 
lower, on the average, in pyknics and 
higher in the asthenics. J. Bauer (i6) 
likewise speaks of a “lipophilia” in 
pyknics. 

a. Basal metabolism 

Lucas and Pryor i8i, 183) have 

also studied basal metabolism with re- 
spect to the body build factor, in a very 
thorough investigation on normal San 
Francisco children, using chiefly width- 
length indices as their criteria of body 
build. On the basis of a very careful and 
entirely valid statistical analysis of their 
data they are able to conclude (i8x) 
that, 

normal slender-built children normally have higher 
basal rates than broad-built children of the same 
age-sex group. High basal metabolic rates as meas- 
ured by the conventional standards are the rule for 
the linears whose width/length indices are well 
below average. 

In the slcndcr-built group not only did 
they find the basal metabolic rate higher, 
but also the total calories per hour, the 
calories per kilogram body weight per 
hour, and the calories per square meter 
body surface per hour. They conclude 
that insofar as the width/height index 
measures constitution, the constitutional 
factor is to some appreciable extent causa- 
tive of differences in basal metabolism. 



HUMAN CONSTITUTION 


4^7 


3. Electrocardiograms 

As a rather different approach to the 
study of the “physiological panel** of 
constitution. Draper, Bruenn and Duper- 
tuis C74) have made a careful study of 
electrocardiographic patterns. They 
find a “high degree of constancy over a 
long period of time in the individual 
electrocardiographic pattern,** and pro- 
ceed then to examine the possibility of 
using this in the study of individual 
constitution. Working with gall-blad- 
der and ulcer patients predominantly, 
they found the following differences: 


P-R interval longer (es- 
pecially in 3rd-4th 
decades) 

Q-T interval shorter 


Pulse rate slower than 
normal 

Curve smoother, more 
rolling 


VUm 

P-R interval shorter 


Q-T interval extremely 
long 

Sinus arrhythmias com- 
moner than in nor- 
mals, especially in 
3rd'4th decades 

Same, especially in 6 th 
decade 

Curve steeper, more 
abrupt 


Their interpretative comment is: “The 
marked prolongation of the P-R interval, 
like sinus arrhythmia and a slow pulse 
rate, expresses a strong vagus influence 
. . . possibly indicating the peculiar vago- 
tonicity of the ulcer patient. * ’ When it is 
recalled that the ulcer patient is predomi- 
nantly linear and the gall-bladder patient 
predominantly lateral in body build (see 
section V. C. 6.), the above differences 
may have even further significance. 
Draper and his associate Coy are at the 
present time working still further on the 
problem of electrocardiographic patterns 
as tools in differentiating physiological 
variables of constitution. 

Little yet is known definitely of the 
differential physiology of the endocrines 
with respect to its correlation with body- 


build. This must await simpler and more 
adequate techniques of assay than are now 
available, but promises much for the 
future. Lacking such data, however, 
it is yet possible to note certain significant 
physiological correlations with different 
morphological patterns. The basal me- 
tabolism findings of Lucas and Pryor are 
particularly important. The suggestion 
of a higher histiogenic or lipogenic 
retention in the pyknics must be investi- 
gated further. There is much hope in the 
future of studies along these physiological 
lines as better correlational techniques will 
be worked out. 

C. Kelation of morphology to pathology 
I. General considerations 

Observations of apparent preponderance 
of disease with regard to certain rough 
variations in body build have been 
numerous. In recent years many of these 
have been quite well substantiated sta- 
tistically. For example life insurance 
records from Trieste, 192.6 Qaekson, 141, 
p. lii), give us the information in Table 4. 
Jackson states figures in America, Ger- 
many, and other countries are in essential 
agreement with these. Such figures deal 
only with causes of death, and not all 
illness, and do not distinguish between 
bodily habitus resulting from disease or 
possibly contributing to it. But such 
correlations, based on mass figures, are 
not without their value. It is interesting 
to observe that they seem to confirm the 
validity of Hippocrates* observations with 
regard to the * 'habitus phthisicus'* and 
the “habitus apoplecticus." 

Freeman (91) has made a careful study 
of the relationship between body build 
and various diseases. He summarizes, 
his findings for 116a cases, eliminating 
diagnoses considered less important when 
more than one was found to exist in a 
given individual, in Table 5. 
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From the figures obtained. Freeman 
finds a relatively high proportion of as- 
thenics among the tuberculous, of pyknics 
suffering hemorrhagic pancreatitis, o£ 
athletics with intestinal disorders. He 
summarizes (p. 808): 

A few other disorders in which the special body 
type contains more than 40% of the toul may be 
mentioned. Cardiac yalvular disease, aortic anen- 
rytm^ cerebral thrombosis and hemorrhage, nephritis, 
pyelonephritis, prostatic hypertrophy and malig- 
nancy, pituitary tumors, goiter, and subdural hema- 
toma, occur in considerable numbers in the athletic 
type. Pulmonary abscess and gangrene as well as 
pulmonary and intestinal tuberculosis pick out espe- 


TABLE 4 

huUi rdsttd t$ mmdity 


CAVfB OV DBATS 

PXYSIQmC 

Thia 

Modiam 

(PiMeaO 

Stoat 

CBeraeot) 

Tnberculolii 

J- 5-7 

13. X 

4 * 

Apoplexy 

4*9 

9 - 2 - 

xa.3 

Circulttory diiturbtocet 

9*4 

14.8 

11.7 

Poeumonis 

II. 7 

10.3 

7-7 

Malignanc tumors 

6.4 

8.3 

7 * 

Infecdqus disorders 

5-4 

4.6 

41 

Brain disorders 

X0.6 

5.8 

6.6 

Sddde 

4-7 


4 * 

Various ocher diseases 

11. 1 

M.8 

30.5 

Totab 

xoo.o 

XOO.O 

xoo.o 


dally the asthenic type, while pyknics comprise a 
rather high perccnuge of diabetics. The dysplasdcs 
are so few in number that they do not show any 
strikingly high percenuges for any lesions. 

And, with regard to low incidence dis- 
eases, those totalling below xo per cent 
of a given disease group, he says (p. 809): 

Few aortic aneurysms and cerebral hemorrhages 
occur in asthenic i^viduals. Pulmonary abscess 
and gangtene and bronchiectasis, as well as tuber- 
culosis of the lungs, are rare in pyknics; few cases of 
nephritis, of prostadc carcinoma, of pachymeningitis 
and of adienal hemorrhage occur in pyknics. Hie 
dyspUsde group is r^resqnted by r^drely few 
instances of hernia and of hemorrhagic pancreadds. 


Freeman's final perspective on this 
problem is given as follows: 

. . . ceitain constelladons may be picked out as 
contrMdng examples of human Idotypes. The 
asthenk-tuberculous-schisoid contrasts with the 
pyknic-angiopathic-cydoid, and both of them with 
the dysplasdc-exudadve-epileptoid, while another 
less striking example is the athledc-paranoid group 
showing dedded tendendes toward malignant disease 
and chronic streptococcus infecdons. 

Criticisms of all such sets of figures, 
whether totals from life insurance records, 
or more careful studies of pathological 
material, will be unavoidable. Grounds 


TABLE 5 

Bfsb fdmd f distsst 


OI8BA8B8 

pxa eSNT OV CASES IM 
BODY OEOUPS 

As- 

thenic 

Aib- 

ledc 

Pyknic 

Dts- 

plastk 

Tuberculosis 

66.3 

* 7-4 

2-3 

14.0 

Acute infecuons 

41. 1 

18.4 

M -7 

15.8 

Carcinomata (all) 

19.8 

39.6 

13.1 

17-4 

'Syphilis (all forms) 

18.3 

46.6 

14.1 

* 7-4 

Violent death 

xo.o 

36.7 

30.0 

133 

Chronic Strep, infection. . 

16.3 

39-5 

XI. I 

XX. I 

Intestinal catastrophes. . . 

* 5-7 

31.6 

XI. I 

31.6 

Circulatory disasters 

10. 0 

40.0 

4 i ‘7 

8.3 

(Totals all cases, for 





comparison) 

33-4 

so 

15.6 

* 4-3 


for criticism will include inadequate 
criteria for morphological classification, 
ins^dequate size of sample, and insufficient 
statistical evaluation. Such objections 
may well be levelled at much of the work 
that has been done in studying the rela- 
tion of morphology to disease. Yet 
considering only the work more care- 
fully done there are so many reports that 
it would be not feasible here even to 
enumerate them adequately. 

It is proposed, tho^ore, that some of 
the more important diseases be considered 
as indicative of the better investigations 
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carried out in this field. The psychoses 
will be discussed in a following section, 
as perhaps more properly to be consid- 
ered, although de^ite ^'disease entities," 
in connection with the relation between 
morphology and psychology in consti- 
tution. 

One approach to the study of the rela- 
tion of morphological variation to pathol- 
ogy is the correlation of somatological 
habitus with the organs primarily in- 
volved in certain disease patterns. An 
excellent example of this technique is 
the study of Pearl, Gooch, Miner, and 
Freeman (2.13) of endocrine organ weights 
and bodily habitus. They summarize 
their findings as follows: 

The average quantitative dosage of endocrine 
organ tissue per kilogram body weight is greatest 
in asthenics, less in intermediates (“athletics** of 
Kretschmer's terminology), and least in pyknics, 
so far as concerns adrenals, thyroid, parathyroids, 
hypophysis, epiphysis and gonads, while the relative 
dosage of thymus tissue is least in asthenics, greater 
in intermediates, and greatest in pyknics. The dif* 
ference between the extreme types, asthenics and 
pyknics, in mean weights of endocrine organs is rela- 
tive to body weight and generally large in amount, 
and without exception statistically significant having 
regard to their probable errors. 

Several studies may be listed to indicate 
the wide variety of pathological fields 
that have been studied and have led to 
quite definite clinical conclusions. Bene- 
detti (14) has studied sterility; Ciocco 
C53) auditory acuity; Lazarowitz (170) 
luetic aortitis; Freeman (93) has made 
further studies of the endocrines beside 
his contribution mentioned above; and 
Fici (Scf) has added to the list of workers 
who have studied the relationship be- 
tween morphology and disease with 
apparently definite conclusions. 

It is perhaps appropriate that Draper, 
one of the earliest careful American 
workers in this field, should be one of the 
main contributors. In his book Htman 
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Constitution (69), published in 1914, he 
dealt with seven clinical entities: gall* 
bladder disease, ulcer (gastric and duod- 
enal), nephritis and hypertension, 
pernicious anemia, asthma, tuberculosis, 
and acromegaly. Draper's techniques 
have been described elsewhere, and his 
attempts to recognize "disease races" 
have been discussed. He presents a mass 
of statistical data which is exceedingly 
hard to evaluate. This is essentially an 
application of anthropometric techniques 
to the field of medicine, and if it does not 
show anything else it does prove the 
difficulty if not the impossibility of using 
this method as an adequate approach to 
the problem. Aside from considerations 
of Draper's mechanisms of morphological 
evaluation, however, his findings are 
not without interest, and deserve careful 
study. In 19x5 , for example, he published 
(70) a study on the toxemias of preg- 
nancy, supplementing earlier observations 
on hypertensives and nephritics, which 
showed that women suffering from these 
toxemias have morphological differentiae 
as compared with other groups which are 
statistically significant. Many other 
observations of interest to clinicians and 
anthropologists are to be found in his 
writings. 

In more recent years Draper has ex- 
tended his field of medical investigation, 
but has retained essentially the same 
idea of trying to differentiate "disease 
races" by suitable techniques, still chiefly 
anthropometric, although he has lately 
become more interested in the "phjrsio- 
logic panel" (see section II. B.). In 
1934 he published, with Touraine (303), a 
study on 50 patients afSicte 4 with clas- 
sical migraine. He fo.und some minor 
anatomic differences in these migrainous 
individuals as compared with a compa- 
rable "normal" population, such as: 
^ater upper face (zygomatic) breadth; 
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shorter upper face height; higher facial 
index; more receding chin; more marked 
supraorbital ridges; larger teeth; a well- 
marked downward, inward slant of the 
upper eyelid; and narrower hands. In 
summary, these authors state (p. i) that 
**it has not been possible by anthro- 
pometry alone to demonstrate beyond 
question a migrainous type morpho- 
logically.’* They have also studied the 
psychologic panel of these patients, find 
them to be arrested psycho-scxually, to 
have no deep religious ties, to have a 
’’highly colored phantasy life”, and 
conclude that migraine is a syndrome 
comparable to any neurosis. 

X. Heart disease 

Pearl and Ciocco in males (xxi), and 
Ciocco in females (54) have made very 
careful studies as to differences of body- 
build distinguishable from normals, in 
patients with heart disease. Using the 
same 13-point scale of morphological 
classification mentioned in connection 
with the study of endocrine organs above, 
they were not able in either males or 
females to find any significant difference 
between asthenics, intermediates, or pyk- 
nics as to the incidence of heart disease, 
but did note, particularly in females, 
that dysplasia is more common than in 
non-cardiacs. They found cardiac pa- 
tients to be heavier, it is true, than non- 
cardiacs, but believed this to be due to 
’’relative over-eating and lack of exer- 
cise,” without inferring necessarily any 
etiological relationship in this respect. 

Reed and Love (143 a), using chiefly a 
height-weight relationship to determine 
somatological differences in a very exten- 
sive study of the development of disease 
in the United States Army, found that 
valvular diseases of the heart resulting 
from rheumatic fever and other infectious 
diseases were more fr^uent in tall thin 


individuals, at advanced ages as well as 
in early adult life. 

3. Arthritis 

Kovacs and Hartung (156) have made a 
careful study of morphological differ- 
ences between rheumatoid arthritis and 
osteoarthritis, essentially to examine the 
accuracy of the observation made by 
many, of a relationship between rheuma- 
toid arthritis and the asthenic habitus, 
and between osteoarthritis and the pyknic 
habitus. They were careful to equate 
age and other variables in their statistical 
evaluation, and obtained the following 
results: the rheumatoid arthritis group 
had a tendency to increased longitudinal 
measurements, with longer and thinner 
necks; were slender though not neces- 
sarily tall, and had weights normal or 
under average for their age-sex groups; 
and the osteoarthritis group had a tend- 
ency to increased horizontal measure- 
ments, with shorter and thicker necks, 
more massive thoraces and abdomens; 
and had weights usually above average 
for corresponding age-sex groups. This 
seemed in general to confirm the work of 
earlier observers. 

T. F. Goldthwaite (104) was among the 
earlier observers who pointed out an 
association of the light-boned, slender, 
asthenic individual with the rheumatoid 
form of arthritis. Millard Smith (179), 
on the other hand, felt that he could not 
distinguish any particular body type in 
atrophic arthritis, although he did not 
use particularly adequate methods for 
morphological classification, and did find 
the following percentages with the meth- 
ods used: asthenic, 48 per cent; inter- 
mediate, i8 per cent; sthenic, 24 per cent. 
Young (333) noted slight morphological 
differences in children with rheumatism, 
was not sure that they were really sig- 
nificant, but concluded that such childrra 
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with rheumatism may * 'possibly even 
probably differ in constitutional traits’* 
from control groups. 

4. Tuberculosis 

The disease now recognized as tubercu- 
losis, especially in its pulmonary form, 
has been one of the clinical entities most 
intensively studied as to the r 61 e played 
in its development both by heredity and 
by constitutional variation. Some of the 
conclusions with regard to the former 
have been noted (see section II. D. 4.). 
And some mass statistics purporting to 
relate the disease to thin slender or 
asthenic individuals have been given. 
But the matter is not simple, and there is 
much conflicting opinion and evidence. 

This is partly due to the nature of the 
disease, which apparently is an infectious 
disease, but in some respects does not 
behave as such. Historically, phthisis 
was considered as a general disease of the 
body as a whole that demanded treat- 
ment to increase the general bodily re- 
sistance. After discovery of the tubercle 
bacillus by Robert Koch in 1882., how- 
ever, the idea of the constitutional 
disposition to tuberculosis was pushed 
into the background by the great interest 
in the bacteriological etiology of the 
disease. It is in the present third cycle 
of the investigation of the true etiology 
of tuberculosis that we find much con- 
flicting evidence and opinion, much of the 
conflict being due to inadequate definition 
of the issues involved. 

Barker (ii) in a very thorough consider- 
ation of the whole subject seems to be 
entirely uncertain as to the possibility 
of a real constitutional factor in the 
disposition to tuberculosis. He finds a 
correlation between constitution and the 
development of the disease, it is true, but 
feels that because constitution has a 
high correlation with hereditary deter- 


minants (an interesting observation in 
itself), this positive correlation is not so 
much due to constitution per se as it is 
to the hereditary factor. This seems to 
be begging the question, for he recognizes 
that the best use of the word constitution 
is to signify the human phenotype, in- 
cluding both genotypic and paratypic 
elements. 

H. J. Halford (iii) believed constitu- 
tion, as determined by body weight 
proportions, not to be a significant factor 
in resistance to the infection, on the 
basis of averages for various stages of the 
disease (none, occult, quiescent, and 
manifest). But it is interesting to note 
that he found among children with pul- 
monary tuberculosis a high incidence 
of narrow chests. Hetherington (ii8), 
along the same line of investigation, did 
not find children with tuberculous in- 
fection, as measured by the tuberculin 
test, to be more frequently underweight 
than children with negative tests. 

Satke (2.55) is typical of many who also 
arc not sure of the rdle of constitutional 
disposition to tuberculosis. He points 
out that the phthisical habitus has been 
interpreted as being particularly sus- 
ceptible to tuberculosis, but that many 
believe it to be the consequence of the 
disease. He also has difficulty distin- 
guishing between “congenital resistance” 
and “constitutional resistance,” but does 
finally admit that the asthenic habitus 
“is probably more susceptible to tubercu- 
losis.” 

On the other hand there have been many 
workers who have found valid positive 
correlations between body build and 
predisposition to tuberculous infection. 
Typical of those writers who have found 
the slender, asthenic individual peculiarly 
liable to develop pulmonary tuberculosis 
arc Beneke (19), Ncucr and Fcldwcg (2.11), 
Saltykow (153), Stcfko (x88), Warstadt 
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and Collier (3x1), and Klarc (150). 
Stiller X93), among the older 

authors, associated with this type a 
definite lack of resistance to tuberculosis. 
Draper (69) notes one morphological 
point that is found quite often in tubercu- 
lous patients: a small (x4^-55^) subcostal 
angle. Ickert (140) notes that 80 per 
cent of tuberculosis patients are asthenic 
as compared with only 14-15 per cent 
of the general population. Luxemberger 
(184) concludes that there is a close 
correlation between the leptosomic hab- 
itus and tuberculosis. Wheeler (331^, 
describing the two major human body 
types with great clarity, states that the 
linear or asthenic has a definite tendency 
to tuberculosis. Neumann (xix) observes 
that the ** asthenic-schizoid types are 
particularly susceptible" to tuberculosis. 
And Scammon and Fetter CX58) showed 
in a careful study that tuberculous chil- 
dren were below average weight for 
height, and weight for height for age. 

Pryor and Mathiason (138) have done 
perhfps the most careful anthropometric 
study of tuberculous individuals. Com- 
paring xio tuberculous children with 
6000 healthy children in the San Francisco 
area, equating age and sex, geographical 
and racial origin, and many other factors, 
they found that (a) the tuberculous 
children consistently varied from the 
average toward a slender build; (b) 
width-length indices were smaller for 
both sexes at all age levels in the tubercu- 
lous; (c) head and face measurements were 
smaller; (d) necks were longer and of 
smaller circumference; (e) chests were 
more barrel-shaped; and (f) nutrition was 
just as good in the tuberculous children, 
compared with the normal population, 
taking into account the more slender 
body build. 

Bearing on points made by Halford and 
Pryor and Mathiason atove, is the 


interesting little book by Professor Weis- 
man (3x4) of the University of Minnesota, 
with a foreword by Dr. Richard E. Scam- 
mon, entitled Your Chest Should Be Flat. 
Weisman with very adequately prepared 
statistics considers only the thoracic 
index but finds it definitely higher (thorax 
deeper in proportion to its breadth, or, 
narrower in proportion to its depth) in 
tuberculous children than in non-tubercu- 
lous controls. While interesting, his 
conclusions would seem to have more 
significance if they had been based upon a 
more comprehensive evaluation of the 
morphology involved in the disease than 
merely the thoracic index. * 

Reed and Love (143 a) found that the 
majority of U. S. Army officers who 
developed tuberculosis were tall, spare 
individuals; and that they were clearly 
differentiated as to a height-weight rela- 
tionship 10 and 10 years prior to the 
development of the disease. 

Petersen (X30), summing up all the 
evidence available on the subject of con- 
stitution and tuberculosis, and considering 
both the hereditary and morphological 
aspects, states categorically his opinion 
to be as follows (pp. 304-305): "Freedom 
from clinical tuberculosis depends on 
natural resistance and not immunity. 
There appears to be no escape from the 
conclusion. . . . Constitution, genotypic 
and paratypic, may therefore be the deter- 
mining factor in an infectious disease 
such as tuberculosis." On the basis of 
the available evidence, Petersen’s con- 
clusions .would seem to be warranted. 

5. Gastro-intestinal disease 

Next to lungs with tuberculosis, the 
abdomen seems to have been the favorite 
hunting ground of constitutional mor- 
phologists, with gall-bladder disease and 
ulcer the conunonest diseases studied. 
Here should be mentioned again the work 
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of Draper (69), whose chief findings were 
that ulcer patients had longer^ thinner 
necks than did cholecystitis patients, and 
a number of other minor similar morpho- 
logical dififerences. 

Ptosis of the stomach and other abdomi- 
nal organs has attracted a number of 
workers. Kaufmann (145), for example, 
examines 83 cases of * 'chronic digestive 
insufficiency,** meaning chiefly chronic 
undemutrition, and found that 6x per cent 
(51) of these had “asthenic characters,** 
employing Stillcr’s criteria. He finds a 
relationship between digestive insuffi- 
ciency and ptosis and asthenic habitus; 
and then adds, gratuitously, “ptotics 
have a longer life than the average*’! 

Fausat and Augustin (86), employing 
observational, anthropometic, and statis- 
tical techniques, also investigated the 
relationship between ptosis and body 
build, and found that asthenics had a 
definite tendency towards ptosis. It is 
unfortunate in both these studies that the 
criterion for ptosis is not more clearly 
stated, although Kaufmann does state he 
means ptosis when the lesser curvature 
of the stomach is not above the level of the 
iliac crests. Todd (3ox), however, has 
shown that the position and shape of the 
stomach are highly variable, and is in 
part a function of the time of day, relation 
to mealtime, size of meal, nature of 
content, etc., and certainly these factors 
were not controlled adequately. 

6. Gastric and duodenal ulcer 

In the field of gastro-intestinal diseases 
the single entity that has been studied 
most often with regard to constitutional 
correlation has been peptic ulcer, both of 
the stomach afid duodenum. This prob- 
ably has been primarily because of the 
very common clinical observation of the 
frequency of the disease in individuals of 
linear build. 


A cursory review of the literature on this 
particular subject reveals the trend of 
observations with regard to ulcer and the 
“asthenic habitus,** chiefly as defined by 
Stiller. Stiller (x9x) himself in 1907 was 
one of the first to note the great frequency 
of ulcer in asthenics, and of the asthenic 
habitus in ulcer. Others who in general 
agreed with this observation through the 
earlier part of this century have been, in 
chronological order: Moller (ioi)> 1911; 
Adolph Schmidt (160), 1913; Westphal 
(318), 1917; Kroug (163), von Krempel- 
huber (314), and Grote (114), 1919; and 
Kuttner (166), E. Schiitz (163), and 
Stnimpell (197) in 1910. It is well to 
keep in mind that constitutional morpho- 
logical classification was still somewhat 
tentative and chaotic in this prc-Krctsch- 
merian period. 

Perhaps as a result of lack of clarity of 
definition of the various habitus pictures, 
there quickly appeared reports of several 
men who did not agree with the above, 
that the asthenic was necessarily corre- 
lated with predisposition to ulcer. Cohn- 
heim (58) in 1911, e.g., in 1000 ulcer cases 
often found the body build to be quite 
heavy and robust, though he does not 
compare with controls. Hegemann (1x4) 
also in 19x1 found among 100 ulcer pa- 
tients only 15 individuals corresponding 
to Stiller’s description of the asthenic, 
not a significant frequency. And von 
Bergmann (31X) in the same year pre- 
sented the interesting argument that there 
has been an observed antagonism between 
ulcer and tuberculosis in the same individ- 
ual, that it was maintained that the 
asthenic was more susceptible to tubercu- 
losis, and so how could both tuberculosis 
and ulcer be correlated with the asthenic 
habitus? Von Bergmann probably would 
have been more correct if he had suspected 
the relationship of the asthenic with 
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tuberculosis than with ulcer, in the light 
of later work. 

At this stage of the modem evolution 
of clinical morphological taxonomy, 
Kretschmer contributed a large step for- 
ward in clarifying the picture. In the 
first editions of his book, Physique and 
Character in 1911 and 1911, Kretsch- 
mer was very vague as to an accurate 
description of the asthenic physique; and 
the photographs published did not lessen 
the confusion. But in later editions 
Kretschmer took great care to distinguish 
between two elements in the * ‘asthenic 
habitus’*: (a) linearity, and (b) slender- 
ness, fragility, gracility; and emphasized 
the latter quality, manifesting itself in 
various parts of the body, as the impor- 
tant variation in physique toward the 
upper end of the height-weight distribu- 
tion. This kind of physique he then 
called “leptosomc,” no longer “asthenic.” 
In other words, he recognized that linear- 
ity was part of both the leptosome and the 
athletic, but fragility, slenderness, per se^ 
was a separate physical character. This 
also helped him better to recognize his 
“athletic” type, but still there was an 
inadequate delineation between .athletic 
and pyknic. 

Following this slight reformulation, 
further workers took up the study of 
ulcer and body build, now chiefly in- 
terested in the r 61 c of the “leptosome 
habitus.” In 1913 Tscheming (305) 
found a significant preponderance of 
individuals with this habitus among ulcer 
patients, and in 1916 Ruhmann (x5i) in a 
well-prepared study confirmed Tschem- 
ing’s observations. 

Among still more recent workers, Fauszt 
and Augustin (86), already mentioned in 
connection with ptosis, noted that the 
leptosomic habitus is the “terrain for 
both ptosis of the stomach and gastric 
ulcer,” but differentiated betwepi the 


leptosome and the musculo-athletic hab- 
itus, finding the latter a terrain for ulcers 
of the pylorus and duodenum. These 
authors used anthropometry carefully 
and employed rigid statistical techniques, 
and found significant differences in body 
build between patients with gastroptosis 
and gastric ulcer on the one hand, and 
pyloric and duodenal ulcers on the others, 
and no significant differences between 
gastroptotic and gastric ulcer individuals, 
or between patients with pyloric and 
duodenal ulcers. 

Goralewski and Schreiber (105), on the 
other hand, in a paper not at all well 
presented and giving no adequate statis- 
tics, do not believe it is possible to classify 
ulcer patients in a uniform constitutional 
picture on the basis of our present knowl- 
edge, if one tries rigidly to arrange them 
in any of the usual schemata, purely 
somatic or otherwise. 

Caroli and Corman (49), in an extremely 
well prepared paper, do find significant 
differences between body build and ulcer, 
as well as the location of ulcer. They 
used only cases confirmed by clinical and 
roentgenological examination or by both 
and surgical intervention. Their mor- 
phological classification, based on obser- 
vational techniques supplemented by sev- 
eral carefully selected measurements, 
divided the patients somewhat according 
to Stiller’s scheme, into longilignes or 
lihears, and brhilignes or laterals. Many 
interesting morphological points are noted 
by these authors, including the especially 
interesting one that the typical ulcer 
patient is one who is as much “athletic” 
as “asthenic,” thus agreeing with ob- 
servations made by Tscheming (305), 
Ruhmann C2.5x), and Draper (69). In 
addition, they found it possible to es- 
tablish the following rules : * ‘The more the 
linear morphological type tends toward 
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the lateral, the greater is the frequency of 
localization of the ulcer in the duodenum; 
and the less pronounced the tendency to 
cicatrization/' (49, p. 44.) 

Draper's delineation of an “ulcer race'' 
has already been mentioned. In two 
articles that well merit careful considera- 
tion, Feigenbaum and Howat (87, 88) of 
McGill, have reexamined Draper's thesis. 
They have used a sample of different 
racial stock in general, but otherwise 
have examined an approximately parallel 
cross-section of the disease population. 
They have practically repeated Draper's 
measurements on such patients. And it 
is their own conclusion (88, p. 454) 
that “on the whole the two sets of figures 
are comparable." They agree with 
Draper that ulcer patients have signifi- 
cantly longer necks than do gallbladder 
patients, that they have thinner, smaller 
chests, and proportionately longer limbs, 
and a few other similar observations. 
They employ a rigid statistical criterion 
for the determination of the significance 
of such differences. 

But they found comparatively few 
differences between disease groups, of all 
the 37 measurements taken and eight 
indices calculated. In fact, they found 
that among the possible comparisons for 
both sexes only 19 per cent of the measures 
were significant in detecting differences, 
and only 6.6 per cent when both sexes 
were considered for the same measure- 
ment. They believe that if Draper had 
submitted his own data to a similar 
analysis similar results would have been 
obtained. From this analysis they are 
able to make the deduction (88, p. 449), 
“it can be stated categorically that the 
physical constitution of a patient is not 
a deciding factor in the etiology of 
peptic ulcer, cholecystitis, and diabetes." 
If they had made the additional reserva- 
tion, “on the basis of this analysis," 


such a conclusion might be tenable. 
But it seems illogical, as has been pointed 
out elsewhere, to conclude that there 
must be a significant difference between 
all, or even a high proportion, of anthro- 
pometric measures, of all parts of the 
body, of two disease groups, before it is 
permissible to recognize significant differ- 
ences in physical constitution. The chief 
contribution of Draper and Feigenbaum 
and Howat in this field would seem to be 
the futility of depending exclusively on 
anthropometric techniques in determining 
body build differences. It would seem 
more logical to use the careful scientific 
methods of Caroli and Corman, employing 
both observational and mensurational 
techniques. The argument for the sco- 
pometric analysis of the human body has 
been presented in a previous section (see 
IV. A.I.C.), as that which, on the basis 
of the best work done in this field, seems 
the best suited to give the most meaning- 
ful yet valid results. 

In general, then, the work investigating 
the body build of ulcer patients seems 
nearly uniform in the conclusion that 
there is some relationship between body 
build and this particular disease diathesis. 

7. Conclusions 

Caroli and Corman (49), in concluding 
their paper, are so impressed with the 
possibilities of this constitutional ap- 
proach to clinical medicine that they 
state, “It is possible to establish the 
greater or lesser frequency of each morpho- 
logical type in the principal digestive 
diseases, and this recognition enables 
one to have at one glance a first impression 
which the clinical examination will 
often confirm." This seems, in essence, 
clearly and adequately to express the use- 
fulness of the constitutional approach to 
the entire field of medicine. 
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D. Psychology 

Research in constitutional psychology 
has been both scientific and pseudo- 
scientific. 

1. Pseudo-scientific 

Among the pseudo-scientific attempts 
to demonstrate that the body may re- 
flect the personality are physiognomy and 
phrenology. It was the contention of 
Lavater (168) that by the analogy that 
each species of beast has a peculiar char- 
acter as well as a peculiar form, one can 
infer that in man, too, predominant 
qualities of the mind are expressed by 
predominant forms of the body. Lavater 
made other analogies: **Large oranges 
have thick skins, and little juice. Heads 
of much bone and flesh have little brain. 
Large bones, with abundance of flesh 
and fat, are impediments to mind." 

In the fourth volume of his Essays on 
Physiognofny: For the Promotion of the 
Knowledge and the Love of Mankind he 
presents one hundred rules to express the 
relations between various physical fea- 
tures and qualities of mind. According 
to Rule LXXVII, "A broad brown wart 
on the chin is never found in truly wise, 
calmly noble persons." 

The foremost physiognomist of the 
present, Katherine Blackford C 30 » illus- 
trates how far the "science" has de- 
parted from Lavater, for nowadays voice, 
color, texture of skin, bodily build, 
posture, gait, handshake, gestures, and 
clothing are also utilized. Applying her 
"law of color" to a study of blonds and 
brunettes, she describes the characteris- 
tics of each. Paterson and Ludgate (117), 
in examining the validity of her state- 
ments, discovered that the actual correla- 
tion is about zero. Physiognomy has 
been almost completely discredited by 
others, such as Kenaghy’s (148) work on 
blond and brunette salesmen, Cleeton and 


Knight’s (56) survey of various character 
traits, Sommerville’s (181) disproof of a 
relation between big noses and intelli- 
gence, and the celebrated work of Goring 
(106) on atavistic traits in criminals. 

The pseudo-science of phrenology was 
fathered by Gall (96) and Spurzheim 
(183) over one hundred and fifty years 
ago. Believing that certain mental traits 
are localized in the brain, phrenologists 
reasoned that the great use of any par- 
ticular trait would cause hypertrophy in 
that area, so that the bumps of the head 
revealed the mental characteristics dom- 
inating the person’s total make-up. Mod- 
em findings cast doubt on our knowledge 
of brain localization, except for motor and 
sensory control, and neurology disproves 
the correspondence between contour of 
the brain and specific unevennesses of the 
skull. Pearson (ii6) in 1906 showed, 
moreover, that it is not true, as the 
phrenologists claim, that intellect and 
size of brain and skull go nicely hand in 
hand. 

The physiognomic and phrenological 
systems of character analysis have a seri- 
ous flaw. They assume that physical 
and mental traits exist as discontinuous 
and clear-cut units, whereas they probably 
arc merely points in a curve of general 
distribution. 

Although the postulates and methods 
of the pseudo-sciences physiognomy and 
phrenology have been in large part dis- 
credited, it is important not to reject 
completely the possibility of correlations 
existing between physique and person- 
ality, but to proceed with caution in this 
difficult but significant field. 

1. Scientific 
a. Intelligence and body-build 

Numerous investigations have been 
carried on with the intention of proving 
or disproving a relationship between 
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body-build and intelligence. Some work 
seems to give positive indication that 
persons of greater stature and weight are 
of greater mental development. Among 
these may be cited Gowin’s (io8) indica- 
tion that major executives in various 
fields are taller and heavier than minor 
ones in the same fields. 

Due to the possibility that stature may 
add to a man's prestige because people, 
believing tall men are more capable, will 
rate them so, investigators in this field 
have turned their attention to children. 
Many results show taller children to be 
more intelligent, but most have employed 
faulty techniques and methods of analysis. 
The survey in Honolulu by Murdock and 
Sullivan (107), almost beyond reproach 
in method, reveals a correlation between 
height and intelligence that is so slight 
that it cannot be considered important. 
In fact, it may be concluded that though 
there is a slight positive correlation be- 
tween intelligence and physical develop- 
ment (weight and stature), the relation- 
ship is not very important. 

A somatotypic basis for intelligence 
has been both claimed and disproved. 
That it is the quality and not the quantity 
which varies with body build is the be- 
lief of Boldrini and Mengarelli (36), who, 
working with a group of 1000 Italian 
intellectuals (university professors), found 
leptosomes were inclined towards an 
abstract thought and pyknics toward 
technical and concrete thought. Naccarati 
(io8) believed he had established the 
fact that microsplanchnics are more in- 
telligent than macrosplanchnics. His in- 
dex of body-build was height/weight, 
though he had expressed a preference for 
a different index, length of extremities/ 
trunk volume, but this could not be 
utilized because not all the measurements 
were available. His groups were made 
up of insufficient numbm, men and 


women were often intermingled, and there 
was a large percentage of Jewish students, 
a factor which might have greatly in- 
fluenced the results. 

The researches of Heidbreder (115), 
who avoided Naccarati's errors, gave 
essentially negative results, as did those 
of Stalnaker (185), Sheldon (xyx, 
Garrett and I^llogg (98), and Sommer- 
ville (x8i). Naccarati had approached 
his problem with an a priori Mief that 
the endocrines were related to intelligence 
and body type. 

A good summary of this general field 
is made by Paterson (115, ii6) and 
Klincberg (151). 

b. Body build and temperament and psychoses 

Perhaps the major part of all the work 
done in trying to correlate body build and 
temperament has been an attempt to 
ascertain whether Kretschmer's theories 
are to be accepted as valid or not. For 
this reason we shall first of all describe 
his claims and their background. 

The great psychiatrist Emil Kraepelin 
was the first to delineate the manic- 
depressive and schizophrenic (“dementia 
praejpx'*) types of insanity. Following 
this, Bleuler (34) contributed a greater 
understanding of the symptoms and in- 
dividual contents in schizophrenic proc- 
esses. Reflecting on this classification, 
it occurred to Kretschmer that the bound- 
aries between sickness and health were 
often quite blurred and that the two great 
form-groups which Kraepelin had 
“dragged out of the bewildering chaos of 
clinical phenomena" passed over in a 
gradual manner to healthy classifications 
of two corresponding kinds— “cyclothy- 
mic" and “schizothymic." He believed 
that ordinary people seemed to belong to 
one category or the other, but in addition 
it appeared to him that correlated with 
the two great tjrpes of disease and human 
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nature were certain morphological char- 
acteristics. In 19x1, he first published 
his famous Korperbau und Charakter (158). 
Therein he described both the psychic 
and physical types, and how they were 
related to one another. 

On the basis of clinical observations 
and a few measurements, he classified 
body types into asthenic (later called 
leptosomic), athletic, pyknic, and dys- 
plastic groupings — very similar to the 
**combinations*' of di Giovanni (68). 
These types were highly subjective, and 
Kretschmer believed that it was best 
that they be so. In general, Kretschmer 
found that the leptosomatic, athletic 
and dysplastic types were the schizo- 
phrenes and the pyknics the circulars. 

Then Kretschmer went beyond the 
psychoses and included normal person- 
alities. He recognized a gradual grada- 
tion from the psychoses to “normality** — 
circular insanity, to cycloid temperament, 
to cyclothymic personality; schizophrene 
psychosis to schizoid to schizo thyme. 

Possible criticism of ICrctschmcr*s work 
is overwhelming: small series; limits of 
the sampling (race); scantiness of measure- 
ments and absence of indices; use of sub- 
jective estimates; failure to classify data 
according to age, sex, intelligence, and 
social status, etc. 

Yet, investigations to verify or dis- 
prove his ideas are numerous — a re- 
flection of the far-reaching eflFect he has 
had on constitutional thought. It is 
difl!icult to say what the consensus of 
these investigations has been. 

Wertheimer and Hesketh (3x7), in an 
endeavor to reduce the method of classi- 
fication to a point where it could be 
handled statistically, devised an index 
whose values they hoped would express 
definite relation to the body types ob- 
tained from observation. Points on the 
frequency curve arc used to classify the 


asthenic, athletic, and pyknic types. 
They were unable to differentiate mor- 
phological types by the use of anthro- 
pometric measurements. 

Von Rohden (317) tends in part to 
substantiate the Kretschmerian typology. 
Analysis of his data shows that the manic- 
depressive type is frequently pyknic, 
and seldom athletic or dysplastic; the 
epileptic is frequently athletic and dys- 
plastic, seldom pyknic or leptosomic; 
the schizophrene is frequently leptosomic 
and dysplastic, seldom pyknic and ath- 
letic. 

In making his study von Rohden util- 
ized weight and body measurements and 
defined bis type through the use of nine 
separate indices of body-build (Pignet, 
Rohrer, etc.). It may be due to this 
difference in method of arriving at a 
typology that von Rohden*$ percentage 
of leptosomes is far greater than Kret- 
schmer*s. An additional factor operating 
in the same direction is that von Rohden 
procured his subjects not from among the 
Schwabians but the middlc-Gcrmans. 

Although this study shows the manic- 
depressives to be overwhelmingly pyknic, 
it is amazing that the schizophrenes vary 
very little in percentage from the * 'nor- 
mal** population. In other words, the 
characterization of the schizophrene has 
little significance except as contrasted 
with the manic-depressive, who is really 
diflferentiated from the general population. 

Cabot (47) quotes a number of workers 
having used essentially Kretschmer's ty- 
pology in a study of psychoses, including 
among others Burchard (46), Campbell 
(48), Farr (85), Garvey (99), Gurewitsch 
(115), Lcdcrer (171), Ossipowa (114), 
Shaw (X70), Ssucharewa (X84), and van 
der Horst (307). He summarizes with 
the statement (47, p. X3) that "... where 
subjects have been psychotic patients it 
has been shown that in general there is 
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a positive correlation between types of 
physical habitus and the schizophrenic 
and manic-depressive syndromes." Stev- 
enson and associates (^91) have sought to 
test the validity of Kretschmer’s observa- 
tions on a group of 100 male Chinese 
psychotics from Peiping hospitals, and 
quote a number of interesting similar 
studies on other Oriental stocks. The 
marked preponderance of leptosomatics 
which they found is hard to explain, 
unless it is because the authors have 
limited themselves to skeletal measure- 
ments only, though they have attempted 
to assay the influence of weight. This 
distribution is seen to be the more unusual 
as contrasted with the temperamental 
breakdown of the group: predominantly 
cyclothymic, 61; predominantly schizo- 
thymic, 30; with 9 individuals approxi- 
mately equal. Racial considerations are 
well taken into account in the psycho- 
logical evaluation. The authors con- 
clude (p. 468): "... a psycho-physical 
correlation of the kind or degree required 
to conform to the Kretschmer hypothesis 
must be declared not proven." In view 
of the many factors to be taken into con- 
sideration in comparing their results with 
Kretschmer’s, it is difficult accurately to 
evaluate their conclusions. 

An important lead is suggested by the 
work of Connolly (59) on 100 male 
psychotic patients. He found that if 
paranoid dementia praecox subjects were 
separated out from the other dementia 
praecox groups they fall into a different 
type, namely, the pyknic, and in this 
respect arc more allied to the manic-de- 
pressives, though they are even more 
robust than these in build. This serves 
as a reminder that negative results in 
constitutional research may often, be 
laid to the door of our inadequate knowl- 
edge of the categories with which we are 
endeavoring to make correlations. 


Connolly’s results were somewhat an- 
ticipated in this respect by those of 
Freeman (91) published in 1934. He 
found that paranoids are to be grouped 
with persons of cycloid rather than 
schizoid personality. 

European investigators claim a signifi- 
cant correlation between habitus types 
as classed by Kretschmer and many mental 
and sensori-motor performances. A sum- 
mary of the work of Munz (io6) and Enke 
(79) with the Rorschach test; of Scholl 
(r6i), Kiblcr (^49) and Enke (79) with 
the tachistoscopc; of Enke (80 with 
psycho-galvanic reflexes; of Pfahlcr (2.33) 
in the determination of perseverance; of 
the Russians with differential psycho- 
motor responses and physiological func- 
tions; of Wertham (3x6) and Enke (80, 
81) in perception span, reaction times, 
abstraction, Spaltungsfdhigkeit or "cleavage 
capacity," sensitivity to color and form, 
word associations, affectivity tested by 
means of the psychogalvanic reflex, tap- 
ping rate, handwriting and intelligence; 
and of Kretschmer and Enke (160) in 
psychomotor and affective characteristics 
of athletics, seems to characterize the 
types as follows: 

. pyknics are more susceptible to color than 
either leptosomes or athletics; their associations are 
more colored by feeling than are those of subjects 
belonging to either of the other two groups; they 
excel in the description of details. Compared with 
leptosomes, pyknics are more synthetic, objective 
and adaptable in their mental disposition while their 
motor coordination is also superior. In handwriting, 
pyknics are freer, more labile and expansive chan 
leptosomes. Compared with pyknics, leptosomes 
are more sensitive to form; their ability to dissociate 
is more marked and they are more “perseverative" 
in their associations; their descriptions are subjec- 
tively determined; they are emotionally restricted, 
analytical, abstraa, inelastic, and they find it difkulc 
to relax.** (Cabot, 47, p. 13.) 

Americau research does not, in general, 
substantiate these findings, although Shel- 
don (171) did find low correlations be- 
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tween body build and certain social 
traits. Klineberg, Asch and Block (151) 
divided a group of 153 male college 
studoits and 175 female college students 
into pyknics and leptosomes and tested 
for cancellation of numbers, incidental 
memory, SpaltungsfShigkeit^ digit memory 
span, mental ability, scholastic aptitude 
and vrithdrawal aptitude. Correlations 
were found to be insignificant. These 
authors, who employed three dififerent 
methods of classifying their subjects into 
the leptosome and pyknic groups, believe 
their study does not substantiate the 
presence of two psychological types in 
the normal population, though they 
make the reservation that Kretschmer's 
typology may nevertheless hold in cases 
of marked mdadjustment. Klineberg and 
his associates suggest that the German 
workers dealt with persons of heter- 
ogeneous age, intelligence, social, eco- 
nomic and educational background; that 
their tests were of unknown reliability; 
and that they failed to employ measures 
of dispersion or to establish the signifi- 
cance of dififerences between measures. 
The German investigations have been 
surveyed in detail in a series of papers 
edited by Kroh (162.)- 

On the other hand, Klineberg, Asch 
and Block may be regarded as im justified 
in suspecting Kretschmer's types of being 
"another ballet of ghostly categories" 
for the reason that their criteria of psycho- 
logical types — ^perceptual recognition, 
memory span, and general information — 
are not necessarily valid means of indi- 
cating dififerential responses. Kretschmer 
(158) attacks studies of this kind because 

**The mathemstiod-experimeotai method suffers 
from a greater dearth of facts, and from the purely 
empirical standpoint, it invariably amounts to a 
clumsy abstraction which at best isolates a small 
numbtf of factors from a complex of factors and 
treats them as reprcsentatiim of an infinitely more 
complex (d>ject." (fp. X77-X7S.) 


The total personality pattern, not isolated 
psychological traits, states Kretschmer, 
ought to be the basis of evidence. 

The Russians have consistently sub- 
stantiated Kretschmerian typology in chil- 
dren. Krasusky (157) found a clear 
connection, in Odessa children, between 
cyclothymic temperament and pyknic 
constitution, and between schizothjrmic 
temperament and leptosomic build. Con- 
stitutional and temperamental types are 
as evident among girls as boys in his 
scries. The extensive researches by Os- 
sipowa (^14), Gurcwitsch (115), Ssuch- 
arewa (184), Oscrctsky, Lcdcrcr (171), 
Motschan, Coerper, Nikolajcw.and Jislin, 
centering around the Psychoneurological 
Clinic for Children at Moscow, have been 
devoted to applying Kretschmer's classi- 
fications to children. 

In reviewing the researches made on 
Kretschmerian typology, then, it may be 
stated that whereas there has been general 
agreement that the manic-depressive and 
the schizophrenic psychoses bear some 
definite relationship to the pyknic and the 
leptosomic habitus, respectively, there 
is less certainty in dealing with the more 
normal cyclothymic and schizothymic 
personality patterns of such a relation- 
ship. Some claim that both morpho- 
logical and psychological categories may 
be distinguished in early life — indeed, 
in infancy. 

Brandt (40) also interprets the biologi- 
cal significance of the psychoses dealt 
with by Kretschmer. He says that the 
manic-depressive psychosis is a differen- 
tiative phenomenon of retarded physical 
development, passing into "mature old 
age," having expressed itself, biologically 
speaking, in the form of a simple, un- 
complicated (one might say, metaphor- 
ically, "childlike") behavior. The 
schizoid psychosis, says Brandt, seems a 
biological phenomenon of accelerated 
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growth, and schizoids can even in child- 
hood and puberty suddenly express them- 
selves, biologically speaking, in the form 
of an infinitely complex, or “adult,** 
pattern of behavior. 

c. Crim and morphology 

In his Crime and the Man Hooton (134) 
claims that there is an association between 
body build and type of crime. He recog- 
nizes that all body build types are likely 
to be associated with some particular 
kind of crime: **a short, fat man might 
under sufficient provocation murder his 
wife in complete defiance of his body 
build proclivities.** The most striking 
of his findings, which take into considera- 
tion the influence of race and social con- 
dition, is the relationship between short- 
ness and slenderness to burglary, larceny, 
and previous conviction; between tallness 
and murder; and between shortness and 
fatness and predilection for sex crimes. 
Among Negroes and Negroids, the various 
categories of offenders are physically al- 
most as distinctive one from the other 
as is the case among whites. 

Hooton is convinced that there is some 
sort of a relation between body build 
and temperament and behavior. His 
proof that rape and other sex offenses 
decrease with stature and increase with 
weight may, we believe, indicate support 
of the popular contention that short- 
legged men make the best lovers. The 
fact that tall slender men **seem com- 
pletely uninterested in this type of ac- 
tivity** suggests the possibility of hypo- 
gonadism. 

One naturally wonders what Hooton 
discovered in connection with Lom- 
broso's belief that criminal behavior is 
a primitive or atavistic phenomenon and 
that criminals may have physical anom- 
alies, not possessed by the law-abiding, 
which are of atavistic or degenerative 


origin. Lombroso and his followers in- 
termingled these two theories, which 
are really quite different, in that atavism 
is a reversion to a primitive or subhuman 
type of man, and degeneracy is due to 
the cessation of progressive evolution 
and the beginning of devolution. Both 
of these theories emphasize the heredi- 
tary basis of antisocial conduct and the 
biologically anomalous character of the 
criminal. 

Hooton*s vast survey shows that crim- 
inals **do not bear the brand of Cain, nor 
any specific physical stigmata whereby 
they can be identified at a glance.** 
This contradicts Lombroso's claim that 
there are but two types of men, normal 
and criminal, and that the skulls of 
criminals bear larger percentages of prim- 
itive and pathological features. But 
Hooton did find that among whites, 
particularly among Old Americans, crim- 
inals are biologically inferior to civilians. 
This was not true among Negro and 
Negroid criminals; in fact, the criminals 
in some ways appeared to have stronger 
and more vigorous physiques than non- 
criminals. 

Approaching the Lombrosian theory 
in another way, Hooton studied Negroes 
and Negroids. For if criminal behavior 
is a primitive or atavistic phenomenon, 
Negroes should show “a purer distillation 
of criminality associated with primitive 
characters than among the more sophis- 
ticated and possibly more degenerate 
whites.** It was considered valid to 
make this inquiry because it is only a few 
generations since the Negroes in this 
country were possessed of a primitive 
African culture. The analysis indicates 
no substantiation for Lombroso. Negro 
and Negroid are prone to murder, but 
commit less rape and other sex offenses, 
less burglary and larceny, than many of 
the nine white racial types. If these 
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people are lower in forms of criminal 
activity other than homicide, it might 
be argued that certain social and eco- 
nomic forces arc at work. The problem 
is truly a complicated one. 

Lombroso's theory had been severely 
attacked in 1913 by Charles Goring 
(106), a medical officer in the English 
prison service. Goring appears, like 
Hooton, to have discredited the Italian 
criminologist, but actually did not wholly 
do so, as has been commonly supposed. 
Hooton speaks extremely harshly of 
Goring's use of *‘his statistical genius to 
distort the results of his investigation to 
conformity with his bias,*' a bias which 
Goring himself professed at the outset of 
his book, The English Convict (^^6, pp. 
14-15). According to Hooton, he was 
"an evangelical humanitarian" who per- 
verted evidence, made objectionable and 
illegitimate use of statistical processes 
and sophistries, etc. 

As a matter of fact, while disbelieving 
in Lombroso’s doctrines. Goring never- 
theless came to the conclusion that the 
criminal diathesis is an actual fact, and 
that it consists of a biological inferiority. 
"There is no such thing as an anthro- 
pological criminal type," said Goring, 

"but despite this negation and upon the evidence of 
our statistics, it appears to be an equally indisputable 
fact that there is a physical, mental, and moral type 
of normal person who tends to be convicted of crime: 
that it to say, our evidence conclusively shows that 
on the average, the aiminal of English prisons it 
markedly differentiated by defective physique — as 
measured by stature and body weight; by defective 
mental capacity — as measured by general intelligence; 
and an increased possession of wilful and-tocial 
proclivides— as measured, apart from intelligence, 
by length of sentence to imprisonment." (Pp- 2^ 
170, abr. ed.) 

Goring stressed the constitutional factor 
in criminals and placed it above the en- 
vironmental. It is to be noted that 


Goring, like Hooton, differentiates the 
body build of criminals according to 
their offense. For example, "tall persons 
are relatively immune from conviction of 
rape,** and "crimes of violence are asso- 
ciated with the finer physique, health, 
and muscular development." In view 
of this, it is surprising to see the state- 
ment that "he did not solve the problem 
of the relation of the offense to criminal 
physique." 

In connection with the belief that the 
criminal is biologically inferior, it is to 
be noted that von Rohden’s work indi- 
cates it is the athletic who shows the 
highest frequency of criminality relative 
to his proportion of the general popula- 
tion. This is at variance with Hooton *s 
belief that the biological inferiority of the 
criminal is expressed by his linearity or 
smallness of transverse dimensions. Von 
Rohden (317, pp. 495-496) cites the 
findings of Michel and Bohmer, who both 
found that the athletics constituted 56 
per cent of the criminals whom they 
investigated. Since Hooton is not com- 
pletely clear as to why he regards certain 
body-types as inferior, his conclusions 
must be accepted with caution, especially 
since he bases much of his eugenical 
program on this assumption. 

£. Survey of research 

It is now possible to conclude that, 
imperfect as is modem constitutional 
methodology, many definite results have 
been obtained. These chiefly show pres- 
ence or .absence of relationship between 
morphological elements of the constitu- 
tion and other biological variables that 
are susceptible of objective evaluation. 
In the field of physiology, definite results 
are not numerous; in pathology, a not 
inconsiderable body of evidence would 
suggest that for many diseases consti- 
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tutional factors are largely determinant 
as to their development and course; and 
in the field of psychology more tenuous 
conclusions may be drawn as to the rela- 
tionships between morphological varia- 
tions and preponderance of certain psy- 
chological traits. 

Attempting to see the entire problem 
of constitution in perspective, it seems 
clear that one reason why more positive 
information has not been obtained is the 
obvious fractionation of the entire field 
of biology. Thus the program suggested 
by many and proposed by Professor 
Hooton of Harvard (133), of a study of 
constitutional problems by scientists from 
at least the fields of anthropology, 
biology and psychology, working to- 
gether as a unit, seems to merit serious if 
cautious consideration: 

The purposes of such an iosticuce for research in 
applied human biology might be enumerated as 
follows: to establish ranges, norms and variabilities 
in the fields of human morphology, physiology, 
psychology and neurology; to investigate age changes 
in man from his conception to his dissolution; to 
determine racial susceptibilities and immunities; 
... to investigate human heredity and to apply the 
results of such research to medical practice; to lay 
the foundations of a rational science of eugenics. 

The job is huge, the prospect discourag- 
ing, but the benefits to man himself from 
such a program are potentially enormous. 

VI. SUMMARY AND CONCLUSIONS 

(i) Examining the history of man’s 
reflections upon the nature of his own con- 
stitution, it is evident that the subject 
has been given serious thought in every 
period of recorded history. Early em- 
phasis was first upon ’’humoral,” then 
on ’’temperamental” difiFerentiation; in 
more recent tifnes, as more has become 
known of man’s inner structure, certain 
assumptions have been made correlating 
organs and systems with behavior, and 


these have become, in more refined form, 
the beginnings of modem endocrinology; 
the contemporary period has been char- 
acterized, until quite recently, by a relative 
neglect of the study of constitutional 
factors in man for the more spectacular 
research into the nature of environmental 
forces as they affect man, following the 
great scientific advances of the last two 
generations. But through every period 
of change in attitude, man has been 
seriously speculating about his body and 
its behavior, and wondering about their 
interrelations. 

(l) It is generally agreed that the 
nature of man’s constitution is his entire 
biological make-up, largely determined 
by the genetic factors of his heredity, 
but influenced to an indeterminate extent 
by environmental forces. Other closely 
related factors are race and sex. For the 
sake of convenience, constitution may be 
divided into morphological, physiolog- 
ical and psychological aspects, with 
pathology possible in each, to be con- 
sidered an ’’abnormal” variation of cer- 
tain biological properties from an in- 
dividual or group mean. Heredity is 
observed to be the major determinant of 
the morphological aspect of constitution, 
with environment, including the passage 
of time, playing a minor rAle; in the 
physiological aspect, and still more in 
the psychological, biological behavior 
is less related to heredity, more influenced 
by environment; both heredity and en- 
vironment exert an appreciable influence 
on the development of disease, depending 
chiefly on the kind of pathology involved, 
but disease is never entirely independent 
of inherited factors. Morphologic^, 
physiological, and psychological aspects 
of man’s constitution, as determined by 
both heredity and environment (and their 
correlated factors, race and sex), all 
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essentially are integral parts of man as a 
"complete psychosomatic being," and it 
is necessary constantly to keep in per* 
spective this unity in dealing with the 
complexities of constitutional problems. 

(3) The usefulness of a study of man’s 
constitution, from both theoretical and 
practical standpoints, is seen to be more 
accurate prediction, in a true statistical 
sense, of biological behavior. Constitu- 
tional investigation is to be regarded as an 
additional arrow in man’s quiver of 
available methodology for the solution 
of many biological unknovms, that he 
may the better control his own destinies, 
both as an individual and as a species. 

(4) 'The means by which man’s consti- 
tution may be investigated have been 
elaborated by modem scientists — physical 
anthropologists, biologists, psychologists, 
clinicians — and are well known. Modem 
biometric analysis of data so obtained is 
of material assistance in avoiding errors 
of interpretation. Constitutional study 
today consists chiefly of investigating 
relatibnships between the more fixed 
morphological elements of man and the 
less fixed, the physiological, patholog- 
ical, psychological. Fraitful study of 
such correlations depends on adequate 
systems of classification, and such are 
generally lacking in nearly all fields of 
constimtional investigation, especially the 
last named, the less fixed aspects. 

(5) In morphology, however, distilled 
from the observations of many men over 
a period of many years, a valid and mean- 
ingful taxonomy seems to be condensing, 
in which may be recognized basic ele- 
ments, or components, of body build, 
which give promise of meeting the 
demands of a system of classification 
hetetofbre unsatisfied. Seemingly the 
most significant system of morphological 
classification devdoped recognizes three 


basic components existing simultaneously 
in every individual, each varying in a 
’’normal" continuous distribution — ^but 
in a diflerent dimension — ^when man is 
studied in the mass. 

Such a system, employed in one modified 
form or another by most investigators, 
has led to many positive and many nega- 
tive conclusions, when morphology has 
been correlated with other aspects of 
constitution. Negative results have in 
many cases been due to technical im- 
perfections of investigation, or to limited 
scope and perspective in making the 
study; and in many cases, in well con- 
ceived, carefully executed reseatches, have 
demonstrated true absence of correlation 
between the variables selected for in- 
vestigation. Positive results, too, have 
been attended by faulty technique and 
limited scope; but even in these studies, 
and especially in the more adequate 
investigations, which are increasing in 
number, there is accumulating sufficient 
evidence to indicate that modem consti- 
tutional studies are contributing much 
that is valid and illuminating to man’s 
greatest game: his quest for the trath 
about himself. 

It is being determined, for instance, 
that all men are no more physiologically 
alike than they are anatomically, within 
certain ranges of variation; and that such 
morphological and physiological varia- 
tions have much to do with the develop- 
ment of a long list of disease entities to 
which man is subject, and even, perhaps, 
with certain criminal tendencies. And 
even in the field of psychology, where 
man nearly transcends his human quali- 
ties in trying to understand his under- 
standing, much is being ascertained to 
the effect that as man is determined, 
morpho-physiologically, by combinations 
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of hereditary and environmental forces, 
so is he likely, within rather wide limits, 
to function as a more or less rational — 
yet always human — animal. 

(6) Such is the promise, indeed, of 
many adequately controlled scientific in- 
vestigations in the field of constitutional 
studies, that it would seem logical to 
advance further the plan advocated by 
many, of an integrated attack on problems 


of human constitution as a joint enter** 
prise of scientists trained in anthropology, 
medicine and psychology, in the form of 
some closely-knit organization for con- 
stitutional research. 

The authors with to take this opportunity to 
acknowledge their indebtedneu to Dr. W. M. 
man, without whose stimuladon, assistance, and 
kindly criticism and advice, this paper would not 
have been written. 
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I N CONSIDERING the geographic 
and broad ecological relations of 
antarctic life, we are confronted at 
the start with two different prac- 
tices in the delimitation of the Antarctic 
tone hy recent authors. Since the Ant- 
arctic continent at several points extends 
to the north of the Antarctic circle, it is 
obvious that the latter cannot serve as a 
natural zonal boundary. The parallel 
€o^ S. Lat., which touches no land what- 
ever, has long been used as a convenient 
line between the Antarctic and sub- 
Antarctic zones, since the lands within 
this parallel arc subjected to the truly 
continental climate of Antarctica. This 
is the current practice of authors dealing 
with terrestrial plants and animals. On 
the other hand, students of marine life 
have been impressed by the powerful 
effect on the distribution of organisms 
exerted by the hydrologically determined 
zones of surface water. Such authors use 
the term * 'Antarctic zone" to designate 
a much larger area of sea and land, namely, 
the whole region south of the Antarctic 
convergence or northern limit of cold 
antarctic surface water. This boundary 
is rather irregular, paralleling neither the 
continental coast nor any parallel of 
latitude. By roughly averaging its posi- 
tion around the globe, one finds the 
average latitude of this convergence is 
approximately 50^ S. Also, at any given 
longitude the position of the convergence 
fluctuates considerably in latitude from 
time to time. The marine organisms of 


the surface waters change their distribu- 
tional boundaries accordingly, but the 
terrestrial floras and faunas do not. 

Islands and archipelagos which are 
characterized throughout an extensive 
biological literature as typically sub- 
Antarctic arc now found, according to 
other authors, in the Antarctic zone. 
Such islands situated south of the Antarc- 
tic convergence arc Macquarie, South 
Georgia, and possibly Kerguelen; regard- 
ing these, as Rudmosc Brown (19x8) 
wrote, "the term ‘sub- Antarctic* is justi- 
fied rather by proximity to the Antarctic 
rather than by any real approximation 
to Antarctic conditions.** 

The difference between the two leading 
usages of the term "sub- Antarctic** is 
even greater than that between the 
definitions of "Antarctic zone.*’ Such 
ambiguity in bio-geographical nomen- 
clature may be avoided by the use of the 
classification of life zones herein proposed. 
Both concepts of the Antarctic zone 
mentioned above are firmly entrenched 
in the literature, since both are biolog- 
ically valid. The names, not the concepts, 
are at fault. Both concepts have a valid 
ecological basis because of the great 
difference in specific heat between water 
and air, and the recognized distinaion 
between macroclimate and microclimate. 
We must recognize the disparity between 
terrestrial and marine habitats in the 
temperature and other conditions to which 
organisms are actually subjected during 
the growing season. 
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All terrestrial and fresh-water plants 
and animals which occur south of 6o^ S. 
Lat. may be referred to the Antarctic land 
frovinci^ dominated by the continental 
climate of Antarctica. The South Ork- 
ney Islands» for example^ located just 
within the boundary, support no vascular 
plants and no liverworts. The sub-Ant^ 
arctic land province corresponds with 
Skottsberg’s (jsoi) sub- Antarctic vegeta- 
tion province^** including the Kerguelen 
district. New Zealand district, sub-Ant- 
arctic South America district, and South 
Georgia district. Referring to the dis- 
tribution of marine organisms only, the 
Antarctic marine oione is the zone of surface 
water bounded on the north by the Ant- 
arctic convergence, and the surface water 
zone next to the northward which is 
bounded on the north by the sub-tropical 
convergence constitutes the sub-Antarctic 
marine s^one, 

PHYTOPLANKTON 

Plankton plants constitute the organic 
foundation of the pelagic ecology of the 
sea. Diatoms are the dominant constitu- 
ents of the phytoplankton of the southern 
ocean. Two main diatom floras exist 
there, a warm-water and a cold-water 
flora, and the two are in general separated 
by the sub-tropical convergence. En- 
vironmental factors greatly influence the 
size of the diatom frustule. According 
to Hendey (1937), the warm-water flora, 
subjected to a high hydrogen ion concen- 
tration and a limited supply of silica, 
phosphates, and nitrates, is characterized 
by thin-walled individuals with relatively 
large cubical capacity and low surface 
area, tending to approach spherical form. 
Although in ^ the Antarctic and sub- 
Antarctic marine zones nutrient salts 
seldom if ever fall so low as to become a 
limiting factor to growth, and dissolved 
CX>| and 0 | are present in high concentra- 
tions, the low temperature and decreased 


sunlight do not favor large individuals. 
The size-temperature relation of marine 
plankton diatoms is thus the reverse of 
that of many classes of marine animals in 
which individuals of the same species 
reach a larger size in colder waters. The 
decreased size and heavier silicification 
produces a denser cell, one with a greater 
mass per unit volume, which necessitates 
development of a slender cylindrical 
form and bristly appendages to insure 
buoyancy. In some genera, the individ- 
uals probably have some control over their 
own buoyancy. 

Hendey divides the cold-water flora 
into an oceanic sub-flora (forms that are 
constantly free-floating, normally solitary 
individuals) and a neritic (coastal) 
sub-flora. Some of the neritic forms are 
free-floating, but most of them arc bottom- 
dwelling or coast-line species which form 
groups of many attached individuals. 
The predominant species obtained from 
sea ice are truly neritic. The character- 
istic ice-flora of the Antarctic seems to 
differ entirely from that of the Arctic 
not only in specific composition but even 
in general types of species. 

A peculiar diatom population is formed 
upon the skin of whales in Antarctic 
waters only. Hart (1935) states that a 
readily visible diatom film indicates that 
the whale has been within the Antarctic 
zone at least one month. The truly 
oceanic species are entirely absent from 
the skin flora, the predominant types 
being stalked and bottom-dwelling 
diatoms. 

Nearly all southern diatom species 
are tolerant of considerable environmental 
variation, and therefore have a very wide 
geographic range. However, circumpolar 
collections by Hart (1937) have demon- 
strated that one species (JRhixpsolenia 
curvata') constitutes by far the best bio- 
logical indicator of the southern limit of 
sub-antarctic surface water. This limit. 
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the Antarctic convergence, fluctuates con- 
siderably; but whenever it was shown 
hydrologically that the sub-antarctic sur- 
face water had been forced southward of 
its average position, this readily identified 
diatom was found in the plankton. Its 
occurrence on the Antarctic side of the 
convergence is a good indication that 
mixing is in progress or has very recently 
taken place, since in the changed environ- 
ment provided by the mixed water the 
diatom reproduces by vegetative division 
only, and cannot long persist. 

Diatoms show a striking seasonal varia- 
tion in abundance in southern waters, the 
fewest occurring in the winter months 
June, July, and August. A noticeable 
increase takes place in October, and during 
November most southern diatom genera 
reach their great maxima in the northern 
part of the antarctic marine zone, and 
in the southern part of the sub-antarctic 
marine zone to a less extent. 

The most pronounced biological feature 
of cold seas is the amazing wealth of 
phytoplankton, as regards individuals 
rather than species. The numbers of some 
species often run into millions in a single 
haul. The explanation usually given is 
the high concentration of nutrients and 
gases in these waters. Experiments by 
Loeb (1908) on larval sea-urchins demon- 
strated a striking differential, at low 
temperatures, between the longevity of 
the individual and the time it requires 
to attain reproductive maturity. By low- 
ering the temperature 1^ C. the duration 
of life is about doubled, but the period 
of development is lengthened only very 
slightly. The organism’s reproductive 
capacity is thus vastly increased, and very 
many more generations exist simultane- 
ously at the lower temperature. Whether 
or not this principle is applicable to mul- 
ticellular zooplankton generally, it cannot 
be extended to unicellular phytoplankton 


organisms, and it is the latter group which 
is chiefly responsible, both directly and 
indirectly, for the teeming life of polar 
waters. These plants reproduce both sex- 
ually and asexually, and in either method 
the parental protoplasm is used up. The 
individual’s life span coincides with the 
generation which it represents, therefore 
no differential can exist between the 
pre-reproductive period and individual 
longevity. 

There have been attempts to explain the 
inverse relation of temperature to plankton 
production, as well as the apparent effect 
of melting ice in stimulating production, 
by reference to the “polymerization” 
theory of water structure. Barnes (i93x), 
Harvey (1933), and Barnes and Jahn 
(1933) reported that recently melted water 
stimulated growth beyond that occurring 
in ordinary water at equivalent tempera- 
tures. This effect would depend on a 
lag in the attainment of equilibrium in 
the changed organization of water after a 
temperature change. Such a lag has not 
been convincingly demonstrated by physi- 
cal methods. Moreover, recent work on 
the internal structure of water by Bernal 
and Fowler (1933) and Morgan and War- 
ren (1938) makes it difficult to accept the 
scanty biological evidence for this lag. 
The problem of the physiological effect 
of the thermal history of water is re- 
viewed by Barnes (1937). A clear non- 
technical summary of the theoretical 
structure of water is presented by Gibson 
(1938). 

With the lowering of the temperature 
of sea water, its density increases right 
to the freezing point (about —1.9® C.)* 
Unless the above-mentioned lag can be 
proven, it would seem impossible to sepa- 
rate experimentally the ^ect on marine 
plankton of temperature, density, and 
molecular orientation of water. 
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LXCBBN8 

The southernmost known plants are 
four species of lichens found at the Queen 
Maud Range in 1934 at 86® 03' S. Lat., 
within 137 geographical miles of the pole. 
Only 3X miles farther north the same party 
collected six lichen species, and one im- 
perfect fungus. All seven lichen species 
represented are new to science; four of 
them are apparently restricted to this 
Queen Maud locality, but the other three 
were found also by Siple*s (1938) sledging 
party of the second Byrd Antarctic Expedi- 
tion. In Marie Byrd Land and King 
Edward VII Land this party encountered 
a truly surprising amount of plant life. 
From the collection, seventy-seven addi- 
tional new species of lichens were de- 
scribed by Dodge and Baker 
The lichens now known from the Ant- 
arctic land province number 193 species. 

It is significant that all eighty-nine 
lichen species found by this expedition 
are endemic to this province. Moreover, 
Dodge and Baker regard supposed identity 
of Antarctic species with northern ones 
as based on uncritical taxonomic work, 
which would mean that about forty new 
unnamed species may exist in material 
already collected. 

Although the paucity of endemic genera 
opposes the view that Antarctic lichens 
represent an ancient pre-glacial flora, 
evidence from the composition of the 
lichen body favors this conclusion. The 
algae found associated with the fungi in 
all lichens from continental Antarctica 
are green algae resembling the familiar 
Protococcus. Such lichens form a much 
older plant group than those with blue- 
green algae as symbionts. It is clear 
that blue-greens can withstand antarctic 
conditions, since algae of this group were 
found living independently in the same 
locality. It is therefore considered pos- 


sible that an antarctic lichen flora has 
survived the present glacial period on the 
continent, the more recently evolved 
lichens which contain blue-green algae 
having failed to penetrate there as yet. 

Noteworthy differences are found be- 
tween temperate zone lichens and Ant- 
arctic species of the same genera. In the 
latter the algal cells are much less abun- 
dant, and often occur ipore or less scat- 
tered throughout the medulla rather than 
organized in a definite layer below the 
cortex. Also the whole thallus, accord- 
ing to Siple (1938) is greatly reduced in 
proportion to the fruiting structures, and 
the plants are usually dark colored, 
resulting in readier absorption of the 
sun’s heat. 

Evidence from the work of Stuckey and 
Curtis (1938) and others on higher plants 
indicates that freezing temperatures cause 
the death of plant tissues by mechanical 
injury resulting from ice formation within 
the cytoplasm, rather than by desiccation 
or other causes. Anything that will 
decrease the amount of free water within 
the cell at the time of freezing seems to 
lessen the possibilities of ice formation. 
Physiological studies of Antarctic lichens 
in their resistance to freezing would be 
of much interest. Pending such work, 
we may speculate on their remarkable 
resistance by analogy with other plants. 
It is known that only free water freezes 
in plants; bound water can not form ice. 
When lichens are not snow-covered, the 
very low absolute humidity of cold ant- 
arctic winds may cause rather thorough 
drying of the plants, plasmolyzing the 
cells and reducing the free water to a 
minimum. Lichens contain large amounts 
of lichenin and other dextrosans. These 
colloidal hemicelluloses swell readily in 
water, so that by imbibing and binding 
the free water and thus greatly increasing 
the osmotic concentration in the vacuole 
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these substances may prevent the forma- 
tion of ice within the cells. 

As evidence of the extreme slowness of 
lichen growth at Graham Land, Bertram 
(1938) points out that the lichens on the 
stones of a cairn built by Charcot in 1309 
still retained their original orientation in 

1935- 

Much more collecting must be carried 
on by trail part^ies before a satisfactory 
undentanding of plant distribution on the 
Antarctic continent can be gained. In the 
past nearly all sledging parties have missed 
all but the most conspicuous plants. 
Most lichens masquerade as minute crumbs 
of dirt on rocks. Many tiny forms are 
bud-like in shape, resembling succulena; 
others, almost miaoscopic in sixe, are 
wedged in the intercrystal cracks of rocks. 
The fact that most of the mountains Siple 
studied had species apparently restricted 
to them strongly suggests that many more 
new species await discovery by careful 
search of the hundreds of coastal peaks 
as yet unvisited. Even the Queen Maud 
Range fringing the polar plateau, prac- 
tically untouched by lidien-conscious 
sledgers, may be expected to yield new 
species and extension of range of known 
forms. 

BKTOVHTTBS 

Seventy-three species of mosses occur 
in the Antarctic land province, thirty of 
them being endemic there. Mosses have 
been found only to 78° S. Lat., and at this 
latitude only in South Victoria Land. 
Graham Land supports a much richer 
bryophyte flora. Between these regions, 
in Marie Byrd Land, five species have 
recently been collected. Two of these 
extend to both Graham Land and South 
Victoria Land, but the dominant moss of 
Marie Byrd Land is found in Graham 
Land and not South ' Victoria Land. The 


two remaining mosses were described 
by Bartram O938) as new species. 

The Argentine Islands off Graham Land 
constitute the richest area botanically in 
the Antarctic land province. On sheltered 
inshtwe islands at about 68° S. Lat., 
Bertram (1938) studied patches of a closed 
moss association up to an acre in extent 
which had produced a peat as much as 
three feet in thickness. 

Six species of hepatics grow south of the 
sixtieth parallel. 

VASCULAR PLANTS 

The New 2 ^aland Sub-Antarctic Islands 
possess 88 genera of vascular plants, 56 
of which are represented in Fuegia also. 
Such striking floristic aflinities between 
sub-Antarctic America and the New 
Zealand region have led botanists to 
support the idea of a former Antarctic 
center of plant distribution. They picture 
an early Tertiary Antarctic flora pushing 
northward along both sides of the Pacific, 
utilizing on the east a land bridge or chain 
of islands between Graham Land and 
Fuegia, and on the west a hypothetical 
"Greater New Zealand” which ap- 
proached Antarctica sufficiently for ready 
transfer. Subsequent glacierization de- 
stroyed all the higher vegetation of the 
continent, and that of the sub-Antarctic 
land province except for a few species. 
The sources of repopulation were Fuegia 
and New Zealand. The latter supplied 
the major part of the flora now found in 
the New Zealand Sub-Antarctic Islandsi, 
which in turn largely restocked Macquarie 
Island. About 18 species are to-day more 
or less circumpolar in the sub-Antarctic 
land province, and three of these are truly 
circumpolar, occurring on almost all the 
sub-Antarctic islands. Only two flbwer- 
ing plants grow within the Antarctic 
Circle (or even south of 60° S. Lat.)> 
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whereas Hooker (1861) listed 761 species 
within the Arctic Circle. 

Skottsberg (1936) has called attention 
to the striking distribution of a few 
genera from the original Antarctic center 
which arc now represented by geograph- 
ically isolated species in Polynesia. The 
affinities of such species in Hawaii are not 
with south-western Pacific plants, but 
with those of sub-Antarctic and temperate 
South America. 

The plant geography of the south- 
western Pacific in relation to the theory of 
continental drift is discussed by Diels 
(1936), who finds several genera and 
species of relatively recent Antarctic origin 
occurring in the south-eastern part of 
Australia. A more important element 
in Australia's flora is of much older stand- 
ing there, comprising ancient types 
lacking Antarctic affinities. A third cle- 
ment is so related to Malaysia that inter- 
change from early times is apparent. 
These facts are all contrary to the principal 
assumption of Wegener's hypothesis: that 
Australia drifted to the north quite 
recently and approached south-eastern 
Asia. 

MARINB INVBRTBBRATBS 

The main features of Antarctic zoo- 
plankton are summarized by Hardy and 
Gunther (1935) as follows: (i) the small 
number of species inhabiting the surface 
layer, i.c., the top 150 meters, the species 
which do so being very prolific; (z) the 
lack of pelagic larval stages of benthic 
animals; (3) the absence of a daylight 
surface fauna; (4) the importance of 
vertical migration. 

The latter point requires some explana- 
tion. Since plankton organisms are un- 
able to control their distribution by 
actively swimming against ocean currents, 
how ^ species characterizing dffiferent 
regions maintain their normal ranges in 


spite of constantly changing waters? 
During two years on the ship Discovity IZ, 
Mackintosh (1937) investigated this ques- 
tion in the eastern Pacific. He learned 
that the three most important zooplank- 
ton species perform an annual vertical 
migration, drifting northward in the 
surface water in summer, and descending 
to very deep southward-flowing water in 
winter. The vertical range is from 400 
to 600 meters and the horizontal range 
some hundreds of miles. This is held 
to be the normal and general means by 
which ranges are maintained in the higher 
latitudes of the southern ocean. 

Ecologically the most important animal 
in the Antarctic marine zone is an opos- 
sum shrimp, Euphausia superba. Its food 
consists very largely if not entirely of 
diatoms and other plankton plants. In 
contrast to a one-year period in other 
euphausians whose life history is known, 
the developmental period in this species 
is two years. The wide range of time 
within which older forms are found is 
important, Fraser (^936) points out, in 
insuring a constant supply of food for 
whale-bone whales in the south. Con- 
tinued abundance of the species in the 
far south is attributed to a rotary move- 
ment resulting from the concentration of 
the earlier developmental stages in the 
southward-flowing warm deep water, 
and that of the later stages in the north- 
ward-flowing Antarctic surface water. 
Thus the stock of adolescents at the edge 
of the fast ice is constantly replenished. 

The Antarctic and sub-Antarctic 
Echinoderm fauna is extremely rich, far 
exceeding that of the Arctic and sub- 
Arctic regions. We are still far from a 
satisfactory knowledge of the species, 
much less their biology and distribution. 
Investigation of the almost unknown 
ocean floor of the far southern Pacific 
is particularly needed. 
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Barton (1931) refers to the belief among 
geologists that the growth of sponges is 
most prolific in warm seas, and that a 
deposit rich in sponge remains must there- 
fore have been laid down in a warm sea. 
He proves by the present abundance of 
living sponges in Antarctic waters that 
this is not the case in recent times. 
Sponges are at least as abundant, and 
probably more so, in the Antarctic as in 
the West Indies, Australia, or the Indian 
Ocean. Even more important geolog- 
ically is the fact that sponges of colder 
waters are almost exclusively siliceous 
and hence favorable for fossil formation, 
while the soft spongin material of a large 
percentage of warm-sea sponges is unlikely 
to be preserved. 

That sponges reached their maximum 
development in the Cretaceous period is 
another belief for which evidence is 
lacking. Neither in the complexity of 
the skeleton, the size of the spicules, the 
size of individual sponges, nor in the 
diversity of species did the Cretaceous 
fauna surpass the development of present 
Antarctic sponges or those of any other 
quarter of the globe. 

Turning to the unicellular forms, one 
finds the Antarctic Foraminifera limited 
in both genera and species and primitive 
in character. Earland (1934) stresses 
the similarity of this faima to that of the 
deep sea in all latitudes. Many species 
in the Antarctic are truly cosmopolitan; 
others are closely allied to deep-sea forms, 
having probably migrated from the depths 
of the adjacent oceans. 

After reviewing the evidence bearing 
on the theory of bipolarity, Murphy 
(19x8) concludes that the theory can no 
longer be accepted in its broad and naive 
sense. He raises the question whether 
the inconclusive data may not support 
equally well the converse theory of an 
earlier universal cold sea rather than a 


universal warm one that has since cooled 
at the poles. 

TBRXBSTRIAL INVBRTBBXATBS 

The largest permanent inhabitant of 
the Antarctic land province is the wihgless 
fly Belgica, about five millimeters in 
length. Several protozoans, sixteen spe- 
cies of rotifers and the same number of 
tardigrades, two fresh-water crustaceans, 
mites, and at least 18 species of insects 
comprise the known fauna. The insect 
orders represented are the Collembola, 
Corrodentia, Mallophaga, Anoplura, and 
Diptera. 

A sledging party sent by Byrd into 
Marie Byrd Land found that the distinct 
pink color of a mucky pond bottom was 
due to a profusion of brilliantly red roti- 
fers. Upon thawing of ice in which tardi- 
grades and rotifers had been frozen, 
probably for some years, these creatures 
suddenly resumed activity. 

The recent British Graham Land Expe- 
dition reports (Bertram, 1938) the fct 
species of copepod (water flea) discovered 
in Antarctica. 

Davies (1935) maintains that the Col- 
lembola, being primitively wingless in- 
sects, constitute better material for the 
study of geographic distribution than 
any other insect order, because migration 
by flight is impossible and the delicate 
integument makes it very unlikely that 
they could be carried any appreciable 
distance by the sea. There are at least ii 
species in the Antarctic land province, 
representing 9 genera. The genus Ctyp- 
tofygus includes only three species; one is 
Fuegian, a second is Antarctic and sub- 
Antarctic in the Scotia Arc, and a new 
species has been described from New 
Zealand. This genus thus furnishes prob- 
ably valid evidence of former land con- 
nections. However, since Collembola are 
usually associated with penguin rookeries 



ANTARCTIC BIO^EOGRAPHY 


463 


and beaches frequented hy penguins, it is 
at least conceivable that the insects may 
be transported beneath the waterproof 
feather coat of these widely wandering 
birds. 

VERTEBRATES 

Five families of Antarctic and sub-Ant- 
arctic fishes are important in the Patago- 
nian region, together constituting one 
of three categories of Patagonian coastal 
fishes (Norman, 1937)^1 One species of 
the family Nototheniidae ranges from 
Graham Land northward up the coast of 
Argentina to the Rio Plata. However, 
the characteristic Antarctic genera. Pleura- 
gramma and Trematomus^ do not reach 
Patagonia. 

In defining the austral fish regions, 
Regan (1914) added confusion to aonal 
concepts by adoption of the mean annual 
surface isotherm of 6® C. as the northern 
limit of the Antarctic aone, thus including 
the Kerguelen district (the Kerguelen, 
Prince Edward, Croaet, Marion, and Heard 
Island groups) within this zone. Norman 
(1937) has shown that the dissimilarity 
between the Patagonian region and the 
Kerguelen district is less marked than 
Regan believed, and has pointed out sev- 
eral features which the areas have in 
common. It should be remembered that 
most islands of the Kerguelen district are 
well to the north of the Antarctic 
convergence, and all of them are a con- 
siderable distance north of the sixtieth 
parallel. The Kerguelen district should 
be considered sub-Antarctic not only 
regarding the land biota, but those of its 
islands lying between the Antarctic and 
sub-tropical convergences must also be 
washed by waters of the sub-Antarctic 
marine zone. 

Although Macquarie Island lies south 
of the surface isotherm of 6® C., Regan 
admits it to the sub-Antarctic zone on 


evidence from fish distribution. This 
island is decidedly sub-Antarctic in its 
terrestrial aspects, although it lies a little 
to the south of the Antarctic convergence. 
Since the 6® C. isotherm as the northward 
boundary of the zone of Antarctic coastal 
fishes breaks down in the important in- 
stances of Macquarie Island and the 
Kerguelen district, it is unsatisfactory as a 
zonal boundary. 

Murphy (1936) has amassed abundant 
evidence in support of the thesis that 
ecologically oceanic birds are primarily 
aquatic rather than aerial organisms, and 
that their distribution is controlled by 
oceanographic factors. The birds of the 
southern oceans, therefore, can be under- 
stood only in relation to the zones of 
surface water. They must be considered, 
together with other marine organisms, 
as subject to the zonal bounds of the con- 
vergences rather than to the control of the 
climate of continental Antarctica, and 
consequently belong in the marine zones 
rather than the land provinces. 

Few Antarctic birds are even reasonably 
well known from the standpoint of 
detailed life-history and behavior. The 
Adelie Penguin remains the best known 
scientifically as well as popularly. The 
four birds that breed farthest south are 
the Emperor Penguin, Adelie Penguin, 
MacCormack's Skua, and Snow Petrel. 
The Skua wanders farthest inland; the 
southernmost record was an individual 
that visited Captain Scott during his last 
journey, at a point on the polar plateau 
560 geographical miles from the sea and 
only 160 miles from the pole, at an eleva- 
tion of 9,980 feet. Murphy lists fifteen 
birds as typical of the Antarctic (marine) 
zone: four penguins, two albatrosses, 
eight petrels, and one skua. A Snow 
Petrel rookery reported by Siple and 
Lindsey (1937) from King Edward VII 
Land advanced the known breeding range 
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of this species 400 geographical miles 
to the south. 

Murphy (1936) casts serious doubt on 
the oft-cited ii,ooo mile annual migration 
of the Arctic Tern, which is supposed to 
regularly cross the Antarctic Circle and 
sometimes reach 74^ S. Lat. A few 
specimens have been taken near the Ant- 
arctic Circle in the Weddell Sea and Pacific, 
but the normal winter range appears to 
be the Pacific off the coasts of Peru and 
Chile, and similar latitudes in the At- 
lantic. Most alleged Antarctic occur- 
rences of the Arctic Tern are based on sight 
records, which are valueless because this 
bird is not distinguishable in the field 
from the Antarctic Tern (Sterna vettata). 
The suggestion that the latter bird is 
masquerading generally in ornithological 
literature as the Arctic Tern may well 
prove correct when adequate bird col- 
lections from Antarctic waters have ulti- 
mately been built up. 

Four species of seals have a circumpolar 
distribution in the Antarctic marine zone. 
The Ross seal is so rare that probably 
fewer than fifty individuals have ever 
been seen. The sea leopard is a solitary 
wanderer that feeds largely on penguins. 
In this species the females attain a larger 
size than the males, which seems to be 
true, although to a less degree, of the 
Weddell seal also. The crab-eater is a 
slender, agile seal inhabiting the pack ice 
chiefly. Lindsey (1938) found that a 
female of this species when barely two 
years old may give birth to its first young. 
In locomotion on snow-covered sea ice, 
crab-eaters about four months old show 


remarkable speed and endurance. Often a 
man running at top speed cannot !^ep 
pace with the seal as it strikes^the hard- 
packed snow with tremendous blows of 
the hind flippers held together vertically 
like a caudal fin. 

Of the four Antarctic seals, only the 
Weddell is well known as regards habits 
and life history (Lindsey, 1937). When a 
female has just turned three years of age 
her first pup may be bom. The average 
pup is 34 days old when the full set of 
teeth appears, and it depends on the 
mother's milk for 48 days after birth. 
This offers a marked contrast to the crab- 
eater seal, which has been reported to 
possess perfectly functional teeth at birth 
and to separate from the mother two or 
three days after birth. Young Weddell 
seals average 64 pounds at birth, and, 
feeding exclusively on mother’s milk, 
several averaged seven pounds gain in 
weight daily for seven consecutive days 
or longer. This is the southernmost 
mammal, and is found throughout the 
year at the extreme southern limits of its 
range. In winter its layer of blubber 
reaches four inches in thickness. The 
animal remains at this season beneath 
the new ice, through which it maintains 
breathing holes by sawing ice by means 
of the strong canine teeth. In this process 
the head is swung from side to side with 
the mouth opened to a 150 degree angle. 
Feeding on fish secured in the watery 
darkness beneath eight or ten feet of ice, 
this seal, alone among mammals, with- 
stands the rigors of the four sunless 
months at 78** S. Lat. 
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EVOLUTION 

The New Systbmatics. 

Edited by Julian Huxley, Oxford Uni- 
versity Press, New York; The Clarendon 
Press, Oxford, $6.00. SJ x 5J; viii + 
383; 1940. 

This is a book that systematic biology 
has been waiting for ever since the doc- 
trine of evolution received general accept- 
ance. Previous to that time taxonomic 
svstems were not based on real relation- 
ships, for no one believed that any real 
relationship existed. But with the com- 
ing of evolution the need for a phylo- 
genetic classification has become obvious. 
Yet the old time taxonomic systems have 
been strangely little disturbed by the new 
liRht that has been shed on phylogenetic 
relationships by modem research. 

One reason for this is the natural 
reticence of any investigator to set up a 
system of taxonomy that may have to 
be discarded next week because another 
observer has demonstrated a new truth 
of nature inconsistent with it. In the 
old days when all systems were equally 
logical, and the only criterion for value 
was convenience there was no objection 
to every systematist having his own 
peculiar syatematics, as the differences 
among the taxonomies of Linnaeus, Du- 
vier, and Lamarck testify. Another rea- 
son is that most modem biologists are 
specialists in a limited taxonomic field, 
in which those modifications relied upon 


for classificatoiv discrimination appear 
(to them) much larger than equivalent 
modifications in other fields. 

The present work is a symposium by 
twenty-two European biologists and one 
American, all of whom endeavor to record 
their belirfs as to what shall be the guid- 
ing principles of the new taxonomy. 
That they consulted each other is clear 
from the numerous references in each 
essay to the other essays in the volume, 
but they have not arrived at any agree- 
ment among themselves as to what consti- 
tutes a taxonomic group, or how taxo- 
nomic groups arrive. For instance, one 
of the collaborators, Lancelot Hogben, 
has contributed a very thought-provoking 
chapter in which, with characteristic 
iconoclasm, he reproves Darwin for not 
having named his work **The Origins of 
Species . ’ * The process of speciation comes 
about as the result of the interaction of 
numerous factors, and if the combination 
of factors occurs more than once a species 
m^ have a multiple origin. 

This point is brought up by W. J. 
Arkell and J. A. Moy-^homas who re&c 
to the genus Gryphaea which occurs in the 
Cretaceous 2nd the Tertiary, in three 
different horizons which alternate with 
others in which it is absent. But these 
authors make it clear that while the genus 
has thus originated several times it has 
only had one origin — it is a modified 
Ostrea, and this latter genus has retained 
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as a generic characteristic the ability to 
{produce forms resembling Giyfiaea even 
to the present day, for there is a recent 
Ostrea in the collection of Stanford Uni- 
versity that no paleontologist would 
hesitate to assign to Gryfhaea if it had been 
recovered from a Tertiary horizon. 

TTie laboratory worker who is privileged 
to see how variation takes place under 
controlled conditions is likely to have 
ideas of his own, and the present reviewer 
finds it difficult to refrain from interspers- 
ing his own thoughts into this review. 
Perhaps that has been one object of the 
collaborators who have produced the 
book — to stimulate thought. It is unbe- 
lievable that any one could read such a 
work and not emerge from the experience 
with his mind clarified and stimulated 
for further research. The ample bibliog- 
raphies at the end of each chapter are most 
helpful, as is also the index which covers 
seventeen pages of fine print. 

The reviewer finds it impossible to 
compare the essays in this work on the 
basis of relative merit. They ^tc all 
good. About all he feels justified in 
saying is that he found those by C. Diver 
and J. R. De Beer the most interesting, 
that by H, J. Muller the most informative, 
and that by J. S. L. Gilmour likely to 
have the widest appeal. But they are all 
good and well worthy of inclusion in 
such a symposium. 

y * 

The Material Basis of Evolution. 

By Bichard Goldschmidt, Yale Univer- 
sity Press^ New Haven; Oxford University 
Pressy London, $5.00. 9 x 6; xi 436; 

The ^iiliman Foundation at Yale Univer- 
sity was established for the purpose of 
organizing an annual course of lectures 
desired ^*to illustrate the presence and 

S evidence, the wisdom and goodness of 
od, as manifested in the natural and 
moral world.** It was further directed 
that each annual course should be made 
the basis of a volume to form part of the 
series constituting a memorial to Mrs. 
Silliman. The present volume is the 

I mblished form of the 1939 Silliman 
ectures. 


The first point in the author's discussion 
of the problem of evolution is an attack 
on the neo-Darwinian thesis; a thesis 
which holds to the idea that abrupt 
changes, or mutations of the hereditary 
determiners (the genes) are the starting 

f )oint for evolution; and that the accumu- 
ation of mutations, their isolation and 
selection in the new variants — which are 
themselves capable of transmitting the 
new characters, as well as of procmcing 
new ones by the same process — account 
for all evolutionary divergencies. Gold- 
schmidt's criticism of this theory is 
that it must accept the fact that somehow 
new genes are formed, since it is unlikely 
that man and amoeba are connected by 
mutations of the same original genes. 
He believes that a sounder thesis of evolu- 
tion can be based on the combined work- 
ings of what he has termed micro- 
and macro-evolution. Micro-evolution 
within the species is the process of the 
accumulation, selection, and adaptation 
of minute (micro) mutations. Micro- 
evolution produces changes which never 
transcend the confines of the species, hence 
the typical products of micro-evolution — 
the geographic races — can never be con- 
sidered incipient species. On the other 
hand, species, genera, families, and the 
higher categories of classification origi- 
nate in single macro-evolutionary steps 
as completely new genetic systems. 

The mass of well-organized, analyzed 
and synthesized research work presented 
in this volume should be an inspiration 
to any college student, who, by the way, 
will find here a new and stimulating 
thesis upon which to build his knowledge 
of evolution, and one which should 1^ 
studied carefully in the light of the neo- 
Darwinian theory, as well as the theory 
of the gene. 

The text is beautifully illustrated, com- 
pletely indexed, and has a bibliography 
of some 400 titles. 

Mankind in the Making. 

By Af. Cathcart Borer, Frederick Wame 
and Co,y London and New York, $1.50. 
7 i * 5i; W + 15*- + 8 plates; 1939. 
This most interesting volume is an accu- 
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rate and fascinating chronicle of the past 
history of H^fw sapisns^ written by one 
who has a knack, not only of being 
informative, but also of encouraging a 
desire for further information among his 
readers. The book starts out with the 
beginning of things and discusses in order: 
the ancestors of man, the great ice age 
and the men of that era, the men who 
came after the ice age, the old stone age, 
the middle stone age, and concludes with 
an exhilarating report on the neolithic 

E 'od. There is neither an index nor a 
iography, but the book is well illus- 
trated with beautiful color plates and line 
drawings. 



GENETICS 

Mammalian Gbnbtics. 

By William £. Castlt. Harvard Univer-^ 
sity PresSf Cambridge; Oxford University 
PresSf London. $1.00. 9x6. viii + 

169 + 40 plates; i^o. 

Mammalian Genetics is intended for use in 
introductory courses in genetics — prefer- 
ably the Senior High School or Junior 
College level. The material of the text 
is organized in conformity with the more 
recent and so-called better pedagogical 
trend of leading from the familiar to the 
unfamiliar; from the known to the un- 
known; and from the general to the 
specific. 

The idea of inducting college freshmen 
into genetics via Mammalia (since the 
freshman himself is a mammal, and pre- 
sumably will want to know something 
of his own inheritance as well as that 
of our domestic animals) is a noble one, 
but in view of the considerations of time, 
expense, and simplicity of form, this 
reviewer still believes that Drosophila 
provides the best route for elementary 
work in genetics. Even though a stu- 
dent has seen more, and is more familiar 
with rabbits, cows, and mice than Dro- 
sophila^ it is almost a certainty that he will 
know little or no more of the genetics 
of the mammals than of Drosophila; and 
it is equally a certainty chat he can learn, 
by experimentation, the genetics of the 
latter much more quickly man that of the 
former. 

The early chapters of the book present 


a very elementary treatment of the laws 
of Mendelian inheritance, linkage, and 
crossing-over, as demonstrated oy the 

S inea pig, rabbit, rat, and mouse. 

osophila is used to demonstrate sex- 
linked inheritance. The later chapters 
deal with the inheritance of blood groups 
in rabbits and man, and the more common 
mutations among our domestic animals. 

A short bibliography is appended to 
each chapter of the text, and there is a 
short table of contents and an index. 



Breeding and Management of Live 
Stock (Cattle^ Horses and Pigs'). Together 
with a Section on Pig Farming. Second 
Revised Edition. 

By A. W. G. Lipscomb. Section on Pu 

Farming written in association with F\ 

Discombe. Whitcombe and Tombs, Well- 
ington, London, Melbourne and Sydney. 

7s. 6d. net. 7i x y, 361; 1940. 

The scientific breeding and care of live 
stock is one answer to the growing de- 
mand for domestic animal products by 
the ever-increasing world population. 
To meet the need for a text which would 
outline the most recent advances in this 
phase of agriculture, Lipscomb compiled 
this volume. It contains a wealth of 
information for farmers, students of agri- 
culture, and anyone else who is interested 
in the status and welfare of the domestic 
animals. The subject of sheep farming, 
which has been adequately treated in 
other volumes, is not included. The 
statistics and records, which in this 
edition have been completely brought up 
to date, are drawn largely from Australian 
and New Zealand sources, but there is 
much material that is applicable to animal 
husbandry in any comer of the globe. 
The text is supplied with a useful gesta- 
tion table for mares, cows, ewes, and 
sows; a complete index; and numerous 
well-chosen illustrations. 



GENERAL BIOLCXJY 

Where the G>LLBcnoN? An 

account of the various Natural History 
Collections mhkh have come under the notice 
of the com^ftjt between 1880 and 
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Compiled by Charles Davies Sberbom, 
The University Press^ Cambridge; The 
Macmillan Co,^ New York. 90 cents, 
ac ji; 149; 1940 (paper). 

Very few natural history collections 
survive the original collector. Either 
they are purchased by dealers who break 
them up tor sale in small lots or they lose 
their identity by being absorbed by larger 
collections in museums. The difficulty of 
tracing types is manifest. 

The author of the present work has 
compiled all the available data concerning 
those collections that have so disappeared 
during the past sixty years. One would 
think that a catalog ot such nature would 
be extremely dry reading, vet those who 
read between the lines will find elements 
of both pathos and humor. For instance 
in it we can read of John Phillips who took 
his fossils to London, where they were 
stolen the first night by burglars, who 
mistook them for plate, and who, on 
learning of their error, threw the whole 
collection into the Thames from Black- 
friar’s Bridge: also of Charles. Ottley 
Groom, Duke of Mantua and Monteferrat, 
Prince of Mantua and of the House of 
David, who was a notorious rogue and 
thief and who tried to kill Thomas Davies 
by dropping a boulder upon him from a 
high ladder in Tennant’s shop in the 
Strand. 

The work is not infallible — it puts 
Isaac Lea’s collection of Unionidae in the 
American Museum in New York instead 
of the National Museum in Washington. 
And of course it makes no pretension of 
completeness — the magnitude of such a 
task would preclude its achievement. 



Laboratory Manual of General Bi- 
ology. I. Botany. II. Invertebrate Zo^ 
olo^. III. Vertebrate Zoology. Fourth 
Edition. 

By John G. Arnold^ Jr.^ and Timothy L. 
Duggan. C. V. Mosey Co.^ St. Louis ^ Mo. 
$1.50. loj X 7J; L75; 1940 (paper). 
Laboratory Directions for General 
Biology. Third Edition. 

By Arthur W. Haupt. McGrauhHill 
Book Co.^ New York and London. $i.oo. 
9 X 6; ix + 65; 1940. 

’The first of these manuals, on loose sheets. 


is based on work covered in a general 
bioloj^ course at Loyola University of 
the South, New Orleans. The second 
covers the general biology course at the 
University of California, Los Angeles. 
Both arc designed to supplement lectures 
and are arranged in the form of exercises. 
The first guide, which covers a more ex- 
tensive course than the second, is intended 
to acquaint the student with the external 
and internal structure of a large number 
of plant and animal types; the second, 
which is arranged for a class meeting 
twice a week in one semester, tends to 
emphasize, in a general way, the under- 
lying principles of the subject. 



Down to Earth. A Naturalist Looks 
About. 

By Alan Devoe. Illustrated by Gertrude M. 

Bradley and D. F. L. Bradley. Coward-^ 

McCanUy Inc.^ New York. $1.50. 8 x 3J; 

X + 2.18; 1940. 

A collection ot brief essays such as most 
newspaper columnists affect, but from 
which they differ, chiefly in being more 
meritorious. They arc excellent propa- 
ganda for sanity in living. Unfortunately, 
only a comparatively small proportion of 
the population is likely to read this book 
at all, and of these the reviewer fears 
that but few will undergo a change of 
conviction as a result. I^r every citizen 
like. Mr. Devoe there may be several 
thousand “brave men of Bricllc” and it 
is the latter who get into politics, who 
mold public opinion and who direct na- 
tional policy. Is it surprising that the 
times seem out of joint? 

The reviewer would like to sec this 
book used as course reading in the sec- 
ondary schools of the nation. It would 
be a great improvement over the anaemic 
imitations of natural history that served 
his generation. 



VeritA Biologiche nel Pensiero dx 
Schopenhauer. . 

By Mario F. Canella. Nicola Zanichelli 
J^itore^ Bologna. L. 5. 9^ x 6^; 16; 
1938 (paper). 

In this pamphlet the author argues that 
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there is much in the philosophical works 
of &hopenhauer— much more than in 
Plato’s idealism and Kant’s criticism — 
of fundamental interest to biologists, 
particularly in his concepts concerning the 
’’will to live.” In fact he concludes that 
the “philosophic system of Schoprahauer 
is the only one which can lead nim [the 
biologist] ‘as far as the solid ground of 
reality.’ ” 

This is a remint from the FuHfufiJz,wan- 
ZWtu Jahrbuci der Seboptnhautr^estllsehaft 
Ofarl Winter, Heidelberg) and the Rivista 
di Psieologia, Anno 34, Fasc. 1, both 
published in 1938. 



Biological Survey of the Connecticut 
Watershed. Surv^ Report No. 4. 

By Herbert E. Warfel. State of Neu) 
Hampshire, Department of Fish and Game, 
Concord. $1.00. ix x 9^; 156 + 3 maps; 
1939 (paper). 

This fine report of the New Hampshire 
Biological Survey is a compilation of the 
data collected durine the summer of 19^ 
and is dedicated to the memory of EarlE^ 
Hoover (1911-1939). It is the fourth and 
final report of a series, the first three of 
which .were contributed by Hoover. The 
report includes stocking records and 
policies for the streams and lakes (data 
arranged on master sheets, 50 pages for 
streams, 15 pages for lakes), geology, 
physical and chemical data, description 
of fishes, plankton, amphibians and rep- 
tiles, ampnibian larvae, and freshwater 
shells, with locality charts, etc. Also 
included are many illustrations, plates, 
and charts, and three large contour maps 
in a folder attached to the back cover. 



The Aiit and Its Mysteries. 

By C. M. Atmrkan Edition Ar- 

ranged by Manor A. WM, With a Fort- 
word by Sir Richard Gniofy. D. Apple- 
ton-Contury G., Now York and London, 
$3.00. 8 X XV + 301; 1940, 

To the amateur weather forecaster and 
others with a casual cariosity about the 
atmosphere this book, will prove instruc- 
tive. Much of the material, however, is 


written in an overly simple style, and the 
facts and principles given arc well known 
to anyone with a moderate understanding 
of physics. The early pages deal with the 
composition and pressure of the air and 
the tricks of the wind. Additional facts 
ar^ given concerning clouds, precipitation, 
climate, and weather forecasting. Sound 
and light are likewise discussed, while the 
final chapters are devoted to the impor- 
tance of weather conditions and the strato- 
sphere in aviation and radio transmission. 
Numerous diagrams accompany the text 
and there is an adequate index. 



Biological Symposia. 

Edited by laques CattelL With a Fore- 
word by Albert F. Blakeslee, The Jaques 
Cattell Press y Lancaster^ Pa, $1.50. 9} x 
6i; vii + 138; 1940. 

Containing papers by many of the leading 
American men of science, the material 
embodied herein is divided into three 
parts; the cell theory, mating ty^pes and 
their interactions in the cili^te infusoria, 
the chromosome structure. The various 
papers were originally presented at the 
1938 meeting of the American Association 
for the Advancement of Science, in Rich- 
mond, Va., and are here brought together 
in permanent form. They comprise a 
related series of observations on an im- 
portant theme. Each paper has its in- 
dividual bibliography out there is no 
index. 



Fundamentals of Biology. Third Edi- 
tion, 

By Arthur W, Haupt, McGraw-Hill Book 
Co,, New York ana London, $3.00. 9 x 
6; xii + 4A3; 1940. 

The third edition of this book follows 
the same conservative presentation as is 
found in the second edition (Q.R.B., 
Vol. 8, No. L, 1931). Much new material 
relating to the human body and to the 
subject of immunity to disease has been 
added. Chapters on vitamins and hot- 
mones have b^ greatly expanded. There 
arc also 80 new cuts. 
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HUMAN BIOLCXjY 

Thb Nativb Races of Asia and Europe. 
Antbologia Anthrofologica, A Copious Selec- 
tion of Passages for the Study of Social 
Antbrotology from the Manuscript Notebooks 
of Sir James Georu Frazer, 

Arranged and ^ited by Robert A. Doumie, 
Percy Lund Humphries and Co,^ London, 
35 s. II X 8i; VI + 399; 1939. 

The Native Races of Africa. An- 
thologia Anthropologica, A Copious Selection 
of Passages for the Study of Social Anthro- 
pology from the Manuscript Notebooks of Sir 
James George Frazer, 

Arrangea and Edited by Robert A, Doumie, 
Percy Lund Humphries and Co,^ London, 
35s. net. II X 8i; ix + 351; 1939. 
These two volumes complete the publica- 
tion of the material which Sir James 
Frazer has collected in his notebooks over 


Lithuania^ 1568; Thevenot’s Relations des 
Divers Voyages curieux^ Paris^ 1671; Thomas 
Hyde, Historia religionis veterum Persarum 
eorumque Magorum^ 1700; Petri de Dusburg, 
Chronicon Prussiae^ 1679; Antoine Biet, 
risle de Cayenne^ 1664; Pablo Joseph de 
Arriaga, Extirpacion de la Idolatria del 
PirUy 1611, etc. Catholic priests, officers 
of foreign expeditions, anthropologists, 
missionaries and travelers have all con- 
tributed in their writings to these inter- 
esting notes. An excellent outline map 
for each continent shows the localities 
of the races mentioned. 



Historical Tables. 

By S, H, Steinberg, With a Foreword by 
G, P, Gooch, The Macmillan Co,^ New 


a long period of research in social an- 
thropology (for the two earlier volumes, 
cf. Q.R.B., Vol. 14, p. 353; Vol. 15, p. 85). 
The four volumes represent, in general, 
left-over material; that is, material that 
did not exactly fit in with the author's 
writings, yet was far too valuable to be 
discaroed since frequently it was from 
sources that are not now easily available 
to the student. To Mr. Robert A. 
Downie fell the task of putting these 
miscellaneous notes into usable form. 
This he has done in a most competent 
and satisfactory manner. 

All four volumes follow the same plan. 
A hasty glance through the table of con- 
tents win inform the reader whether a 
particular group is mentioned; or, in the 
index will be found a careful array of the 
subjects noted. The first of the present 
volumes. Native Races of Asia and Europe 
has the following main divisions: Indo- 
China, Tibet and China, Korea and Japan, 
Northern Asia, India, South-Western Asia, 
and Europe — each of these being sub- 
divided . Native Races of America is divided 
into Greenland and North America, Mex- 
ico and Central America, and South 
America, with sub-divisions. The ex- 
tracts, in English, German, French, or 
Spanish, are largely from nineteenth 
century. writings, esp^ially for the Ameri- 
can volume, but there is also a goodly 
sprinkling of material from earlier periods. 
Among mese we note Martini Cromeri, 


York and London. $3.50. 9! x 7^; 

X + 156; 1939. 

A thorough and scholarly chronology 
covering a span of approximately 1000 
years from 58 B.C., three years before 
Caesar first invaded Britain, down to the 
end of 1938, just 8 months short of the 
beginning of World War II and Hitler’s 
attempt to repeat Caesar’s performance. 
The arrangement is in six columns to the 
double page (cxc«)t for the period of 
World War f). In jgeneral the three 
columns on each len-hand page deal 
chiefly with the relations of the Powers. 
The right-hand pages are, in the author’s 
words, “given to what may be described 
as home affairs and the history of civili- 
zation; i.e. constitutional, economic, 
spiritual, and intellectual activities.’’ 

Relative to scientific matters the chro- 
nology gives a considerably larger pro- 
portion of details for applied man for 
pure science, which is perhaps natural 
considering the purpose of the whole 
work. But few events in the history of 
pure science of really major in^rtance 
appear to have been omitted. The com- 
pactness of the book, coupled with the 
easy secular comparability afforded by 
the columnar arrangement make it one 
of the most useful books of its kind that 
has appeared. Every scholar, regardless 
of his field, will welcome it as a desk 
coj^anion. 

Tms volume, in common with most 
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tabular chronologies, is not indexed. 
This is a mistaken policy. The value and 
usefulness of the book would be increased 
many times over if it contained detailed 
author and subject indexes. This would 
be true even if the thickness of the volume 
were doubled, which it would not be. 
Suppose, for example, one has forgotten 
the year when Newton’s Cities appeared, 
and wants to look it up. This, and other 
unindexed chronologies, leave one no 
resource except to run down the appro- 
priate column, beginning say in the middle 
of the 17th century, until the desired 
entry is reached. 

But even with this defect Historical 
Tables is a work of great value. 

The Swazi: An Ethnographic Account of the 
Natives of the Swazflam Protectorate, 

By Brian A, Marwick, The Macmillan 

Co,^ New York; The University Press ^ 

Cambridge, $4.15. x 5J; xvii + 

310 + 8 plates; 1940. 

This, the nrst comprehensive work on 
the Swazi, includes descriptions of their 
social organization, social and economic 
life, religion and magic, political organi- 
zation and legal system, and effects of 
European contact. The information in- 
corporated in this valuable and very 
readable treatise was obtained from the 
author’s nine years’ experience in Swazi- 
land as a government official, his visits 
to the native villages, and from the scanty 
literature on the subject. 

That the Swazi culture remains a work- 
ing whole in spite of the influence of 
European civilization is evident from the 
fact that ’’sanctions and institutions which 
existed prior to European influence still 
operate even where attempts have been 
made to uproot certain elements of 
culture,” and frequent examples occur 
where Christian converts hurry to consult 
witch doctors as soon as trouble comes 
their way. In fact attempts by mission- 
aries and officials to eradicate certain 
elements of native culture have often not 
brought the results desired. 

Miitioiuriet have iotitted upon monogamjr widi 
the result that polygamy is becoming discoun- 
tenanced. The woman who would have been con- 


tent to become the wife of a pol]|^amist now occa- 
sionalljr refuses to do so, but not inhequently becomes 
a prostitute or a concubine instead, since there are 
few occupations by which a native woman can earn 
her own living. The net result is that a woman 
who would have been accepted in society as a useful 
and respected social and economic unit is despised 
by the conservative natives and by the missionaries 
it she falls into loose ways as a result of the modifica- 
tion of the outlook upon polygamy. 

Appendix I presents the results of stud- 
ies by other authors which were published 
after the present book was written; Ap- 
pendix II IS a glossary of Swazi terms used 
in the text. Annotations and an index 
have been provided, and the illustrations 
consist of photographs and diagrams. 

* 

Westward from Vinland. An Account 
of Norse Discoveries and Explorations in 
America g82-i^62. 

By Hjalmar R, Holand, Duell^ Sloan and 

Pearce y New York, $3.00. 8J x 5J; 
X + 354 + 31 plates; 19^. 

When Holand published The Kensington 
Stone some years ago, it became inevitable 
that some day a larger volume would be 
undertaken, to which wider circulation 
should be given. 

The objectives of the present work are 
threefold — to write briefly the history of 
the Norse settlements on Greenland as 
far as it has a bearing on the possible 
colonization of America; to prove the 
authenticity of the Kensington Stone; 
and to speculate as to the origin of the 
Mandans — that peculiar tribe of blond 
Indians who lived in frame houses and 
engaged in agriculture. The first two of 
these involved extensive traveling not 
only, in Scandinavia, but throughout 
Europe, to examine artifacts in museums 
and oocuments in libraries. 

Unfortunately, the urge that drove him 
to add the chapter about the Mandans 
appears all through the remainder of the 
book. The entirely unnecessary and ir- 
relevant speculations in which tne author 
enjoys indulging do not impair the validity 
of the conclusions he reaches, but neither 
do they add anything, and they are likely 
to exhaust the reader’s patience. If the 
reader can manage to forget these specula- 
tions and concentrate his attention entirely 
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oa the facts, he is likely to conclude, as 
the present reviewer has done, that 
Holand has proved his point; but it is a 
mvstery that, after devoting over a quarter 
of a century to the search for facts in 
support of his theory, he is unwilling to 
let those facts speak for themselves. 

The book is thoroughlv documented 
with footnotes, but the lengthy bibli- 
ography in the earlier work has been 
omitted. The book is excellently il- 
lustrated with photomphs, drawings, 
diagrams, and maps. There is an index 
of nineteen pages. 



£tUDB SoaALB CoMPAR^B DBS R^OIMBS 
DB LiBBRT^ ET DBS RioiMBS AuTORlTAlRBS. 

CEssai d'Bconomie Sociale Camfarte,') 

By Jean Lescure. Les Editions Domat- 
Montchrestien^ Paris, 8o francs. 9 x 5 J ; 
479 + I folding chart; 1940 (paper). 
The author discusses in detail the phi- 
losophy and theoretical principles under- 
lying the political economy of Russia, 
6crmany, and Italy, and examines the 
results of the attempts made to develop 
the economic life of these countries accoro- 
ing to the political and social ideologies. 
As is known, in the totalitarian states 
mentioned the government exercises either 
directly or indirectly a preponderant con- 
trol over both capital and la|por. The 
degree and manner of this control differ 
in the three countries, being most compre- 
hensive in Russia and the least in Italy. 
The major and more important portion 
of this book is dedicated to a delineation 
of these differences. The clearness with 
which the distinctive and differentiating 
elements of these doctrines are outlined 
is remarkable and makes this book a 
first class contribution to economic and 
social literature and one especially to be 
read by those who speak glibly about 
politied ideologies. The author notes 
and emphasiBes with much satisfaction 
that in practice the totalitarian systems 
cannot escape the fundamental laws of 
economics. Prices are still determined by 
supply and demand, capital is formed by 
savings, private initiative is necessaiy 
for the development of enterprises. No 
matter what the ideology the economic 


laws still triumph, says the author with 
verbal transports or joy. Since this 
volume embodies lectures given to stud- 
ents, the author's naive tone may be 
forgiven but it must not be forgotten 
that long ago the mathematical economists 
adequately demonstrated the consequences 
relative to price, production, and con- 
sumption of alterations in the postulates 
that characterize a liberal economy. The 
results observed in the totalitarian states, 
in Japan, and in this country only furnish 
further proof of the validity of the deduc- 
tions. 

Once in Sinai. The Record of a Solitary 
Venture, 

By Joan M, C, Plowden, With a Fore- 
word by Major C, S, Jarvis, Methuen 

and Co,^ London, 11s, 6d. net. 8 x 5^^; 

XV + 301 + 8 plates + i folding map; 

1940. 

This is a delightful story of travel and 
exploration. The author denies that she 
had any adventures but those who read 
the account of the man-eating shark will 
disagree with her. 

Although one of the world's bleakest 
deserts, the peninsula of Sinai is full of 
romance. Tradition makes it the land 
of Midian. In ancient history it was the 
scene of the Exodus and it was here that 
Elijah survived the wind, the fire, and 
the earthquake, and heard the still small 
voice. The mediaeval period saw the 
erection here of the convent of Saint 
Catherine of Alexandria (not to be con- 
fused with St. Catherine of Siena) and in 
modem years it acquired associations with 
Tischendorf and the Codex Sinaiaticus. 

Being so largely a record of personal 
experience the book contains little in the 
way of original contributions to science, 
but one incident may be mentioned. 
On a mural in the convent of Saint Cather- 
ine, which was built in the reign of 
Justinian, is the figure of a dodo. Now 
this bird was not known to science until 
the sixteenth century. Is it possible that 
there were dodos on the peninsula of 
Sinai at an early ^lod that have since 
become extinct? The description of the 
quail in the Biblical account that stood 
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two cubits above the ground implies that 
there may have been. But the author is 
not a biologist and does not pursue the 
matter further. 

The book is well illustrated with the 
author’s photographs, and her route can 
easily be followed by means of numerous 
maps. 



Japan’s Embrobncb as a Modern State. 
Political and Economic Problems of the Meiji 
Period. I.P.K. Inauiry Series. 

By E. Herbert liorman. Institute of Pa- 
cific Relations^ New York. $1.00. 9x6; 
xiii + 154; 1940. 

The jrcar 1868, the year of the so-callcd 
Meiji Restoration, marks the beginning of 
the transformation of Japan from a feudal 
agrarian state to a modem industrial na- 
tion that can con^te with the United 
States and Great Britain. In that year 
one group of aristocrats wrested the power 
from the controlling group and aided by 
the financial support of the leading bank- 
ing houses was able to alter the economv 
of the country according to its will. 
Thus, as the author well emphasizes, 
what took place was not a revolution by 
the people but merely a change of author- 
ity from one to another set of persons 
among the ruling castes. The latter, 
being composed of able and far-sighted 
men, reco^ized the significance of the 
economic evolution of the leading Western 
countries and decided to follow suit while 
at the same time they attempted and at 
times succeeded in avoiding some of the 
errors that accompanied the industrial 
and commercial development in Europe 
and this country. Furthermore, Japan 
was fortunate because being small and 
with limited natural resources it did not 
excite the cupidity of the Western powers 
and was saved from the fate of China. 
These seem to be the principal factors 
affecting the progress of Japan as de- 
scribed in this account which covers the 
commercial, agricultural, and industrial, 
as well as political changes in Japan from 
1868 to the Russ-Japanese conflict. 
Within the limits of the subject discussed 
this scholarly monograph is interesting 
not only for its timeliness but also because 
of the style in which it is written. 


White Water and Black Magic. 

By Richard C. Gill. Henry Holt artd Co.^ 

New York. $3.00. 8i x 5^; xiv + 369; 

1940. 

This is the stoi^ of the Rio Pastaza whose 
turbulent, rocK-tom white waters flow 
with eager haste through the land of the 
Ecuadorian Oriente to the Mother Ama- 
zon; it is the story of the Ecuador Indians 
and their ’’flying death,” curare, in the 
preparation and use of which the black 
magic of the jungle pharmacologists play 
a paramount r 61 c; it is the story or the 
conversion of curare from the lethal poison 
of witchmen to the therapeutic drug of 
’’men in white” — a drug beneficial incases 
of spastic paralysis, as a shock-absorber 
in convulsive shock therapy in psychiatric 
treatment, and ^ssibly in otl^er thera- 
peutic fields. The author, an ethno- 
DOtanist, and his wife live on the hacienda, 
Rio Negro, a plantation ranch molded 
out of “wild living forest,” on the 
Pastaza in the Ecuadorian hinterland. 
It was to this ranch that all wanderers on 
the Pastaza Trail came — solitary Indian 
hunters and messengers, jungle chieftains 
with their tribal retinues, ’’miscellane- 
ous” scientists, old-timers, new-timers, 
school teachers, petty adventurers, pros- 
pectors, missionaries, journalists, colo- 
nists-to-be, colonists-who-had-been, etc., 
and it was from this ranch that the author 
traveled into the jungle to live in Indian 
villages, tS learn more about the pharma- 
copoeia of the forest, and to become an 
accredited medicine man among the In- 
dians. From this ” jungle drugstore” the 
Gill-Merrill Ecuadorian Expedition 
brought back enough botanical sj^cimens 
of curare for large scale medical research, 
as well as other important herbs. The 
volume includes duplicate maps on the 
inside front and back covers, numerous 
photographs, and an index. 



The Discovery of Man. The Story of the 
In^iry Into Hurrean Origins. 

By Stanley Casson. Harper and Bros.^ 
New York and London. $3.00. 8^ x 3f; 
339 + 16 plates; 1939. 

This is an outline ot me more important 
developments and personalities in the 
history of cultural anthropology and 
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archaeology. Although with Aristotle, 
Herodotus, and Tacitus, the ancient world 
contributed greatly to our knowledge of 
these aspects of human biology, it is 
really only from the 17th and i8th cen- 
turies that systematic progress began, 
and the author justly dedicates the major 
portion of the booK to the pioneers of 
that epoch. The author opens this his- 
tory with an account of the ‘'pilot books** 
of the Caithaginian Hanno. He mentions 
in passing i^aximander and Archelaus, 
to discuss more leisurely Herodotus, Hip- 
pocrates, Aristotle, Pliny the elder, and 
Tacitus. He is little impressed by the 
writings of the Romans and singles out 
Pliny, particularly, with ironic and sar- 
castic comments. Following the Renais- 
sance and the discovery of America the 
first systematic observations on cultural 
anthropology are reported, notably that 
of John Scheffer (1674); with the 
work of Stukeley (1687-1765) some be- 
ginning is made in archaeological field 
investigations. The progress thereafter 
becomes accelerated, leading to onr present 
knowledge on the subject. In discussing 
the modem contributions the author is 
interested primarily in the theorists, 
especially the English theorists. The 
book suffers from this change of method 
and accompanying style. While the first 

f )art is interesting and easy to read, the 
atter sections have the scholarly but 
pedantic qualities of a synoptic his- 
tory text. 

£tat db la Population d’aprj^ lbs 
Rbcbnsbmbnts. Migrations. Actualitis 
Scimtifiques et Industritlles^ 786, Cours ih 
Dhnoffafbie et de Statistique Sanifaire. III. 
By lAichel Huber. Hermann et Cie^ Paris. 
30 francs. 10 x 6^; 108; 1939 (paper). 
NuPTiAUTfi, Natality, FbconditL jU- 
tualitis Scientifiques et Industrielles^ 801. 
Cours de DSmographie et de Statistique Sane-- 
taire^ TV. 

By Michel Huber. Hermann et Cie^ Paris. 
40 francs. 10 x 6^; 131; 1939 (paper). 
The first two numbem in this series were 
published in 1938 under the titles Intro- 
auction h V Itude des statistiques dimovapbi- 
ques et sanitaires (Mo. 598^ and Mithodes 


d* Haboration des statistiques dhnograpbiques 
(recensements^ itat civile migrations^ (No. 
599)f respectively. 

In Number III the author presents data 
on the total population of tne earth and 
its distribution by geographical areas; 
methods of census taking used in various 
countries, and the enumeration of the 
various kinds of data on the distributions 
of populations by age, sex, civil status, 
language, religion, etc. that can be ob- 
tained from census material; and mi- 
gration. 

Number IV illustrates from actual data, 
the type of information that can be 
calculated from census material and from 
birth and death registrations concerning 
number and rates of marriages, divorces, 
births (live and still, legitimate and il- 
legitimate), sex ratios at birth, infant 
mortality, and fertility. A large part of 
the illustrative materid pertains to Prance 
in the last quarter of a century. 



O. C. Marsh: Pioneer in Paleontolo^, 

By Charles Schuchert and Clara M. LeVene. 
Yale University Press^ New Haven; Oxford 
University Press ^ London. $5.00. 9t x 
6i; xxi + 541 + 30 plates; 1940. 
Whatever Othniel Charles Marsh *$ pecu- 
liarities (to use a milder word than some 
of his contemporaries would have) of 
character and personality may have t^n, 
he was one of the great figures in the 
history of vertebrate paleontology. A 
definitive biography has long.been needed. 
The need is admirably filled by the present 
volume. The authors had unusual, in- 
deed almost unparalleled, facilities for the 
task, in the way of access to Marsh’s 
papers, collections, and memorabilia of all 
sorts and kinds. They have made excel- 
lent use of these resources, and have 
turned out a book that is readable, as 
well as accurate and detailed, about a 
man who was intrinsically somewhat 
lacking in charm or interest of personality, 
as those words are usually understood. 
All the testimony, including that of this 
book, indicates that Marsh was a pom- 

? 3U8, selfish, vain, strutting sort of a 
ory, who never in his life had the smallest 
conception that the pleasures of con- 
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de^cension were sineularl^ one-sided, as 
Stevenson put it. His attitudes and rela- 
tions towards and with assistants and 
collea^s present a pictiure that can 
scarcely be regarded as either pleasant 
or normal. None the less he was in- 
dubitably a great paleontologist, and this 
volume is a contribution of first rate 
importance to the history of science. 
The book is adequately indexed and 
illustrated. 

RuTHBaFoao: Being the Life and Letters 
ef the Rt, Hen. Lord Rutherford^ O.M. 

By A. S. Eve. Foreword by Earl Baldwin 
af Bewdley. The Macmillan Co.^ Hew 
York: University Press ^ Cambridge. $5 .00. 
9 i X xvi -f 451 + 18 plates; 1939. 
In this first authorized biography of one 
of t|ie neatest of modem scientists the 
author has not only recorded in sequence 
the salient facts ot his subject's life and 
scientific contributions, but in addition, 
has devoted a major portion of the book 
to the correspondence that passed between 
Rutherford and his wife, his mother, and 
his colleagues. As a consequence, the 
reader is enabled to catch a glimpse of a 
live and very human Ruthenord. It is 
no more than a glimpse because the author 
seems to take special care in avoiding 
comments on the personality of his hero 
and from the correspondence only a dis- 
connected and fragmentaiy view is ob- 
tained. It would appear that Rutherford 
was a cocky fellow, well aware of his 
^ius and not too modest about it. 
harly in life he became interested in the 
detection of Hertzian waves and began 
inventing apparatuses for the purpose. 
From his native New Zealand he went 
to Cambridge where, under J.L Thomson, 
his career took its shape. Through the 
latter he obtained the post at McGill and 
there were initiated the investigations 
that led to the Nobel prize, fame, glory, 
and an English peerage. Rutherfordliv^ 
a full and interesting life and the author 
has succeeded in describing it so well that 
this will undoubtedly rank among the 
best of biographical sxetches to appear in 
recent years. 


Cultural and Natural Arras of Nativb 
North America. University of Calffoneia 
Publications in American Archaeology and 
Ethnology. Volume tS. 

By A. L. Kfoeber. University of Cali^ 
fomia Press ^ Berkeley. $3.50 (cloth); 
$3.00 (paper). lof x fij; xi + up. 
-f 9 folding maps + i folding table; 

1939- 

This is a comprehensive, extensively docu- 
mented work on the cultural and natural 
areas of native North America from the 
Arctic Circle to the region of Central 
America. The tribal, cultural, physi- 
ographic, and vegetational areas of North 
America are discussed and pictorially pre- 
sented in many textual and loose maps, 
the latter of which are enclosed in a 
pocket at the end of the text. Population 
densities are given by tribes, areas, lan- 
guage ^oups, etc. Environmental and 
cultural factors are presented in relation 
to physiography, natural vegetation, cli- 
mate, water, and drainage. Invaluable 
to the student is the author's evaluation 
of literature and discussion of theories 
expounded in the broad field of cultural 
anthropology on the native cultures of 
North America. Bibliography and notes 
arc not separately append^ but appear 
in the textual matter and footnotes. An 
index and a detailed table of contents are 
included. The 17 text tables, ii text 
maps, I pocket table, and 8 pocket maps 
should be of inestimable aid to the student 
in this field. 

* 

Human Biology. 

By George A. BaitselL McGraw-Hill 
Book Co. 9 New York and London. $3.75. 
9 X 6; XV •+• 6ii; 1940. 

Baitsell's text is a needed contribution to 
a new field of modem science in which 
acceptable textbooks are few and far- 
between. This distinctly new and re- 
freshing book endeavors to present the 
pertinent facts of biology from the vantage 
ground of the most interesting and im- 
portant organism in the world of life — 
man himself. Accordingly, the study of 
human biology involves a great deal more 
than human anatomy and physiology: 
it is essentially a humanizing of general 
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biology in that attention is centered 
primarily on human structure and function 
rather than on the characteristics of types 
selected from the lower organisms. In 
an endeavor to widen the scope of the 
book, so that the interested student may 
have abundant material to pursue im- 
portant fields of interest at advanced 
levels, an appendix has been supplied 
containing direct quotations from the 
publications of various authorities. Orig- 
inal material by the author is also 
presented. The book is well and appro- 
priately illustrated and a complete index 
has been included. 


Pbnobscot Man. Tbi Life History of a 
Forest Tribe in Maine, 

By Frank G. Speck, University of Penn- 
sylvania Press^ Philadelphia; Oxford Uni- 
versity Press^ London, $4.00. 9^ x 6J; 

XX + 3x5; 1940. 

Much has been written about the Indians 
of western North America while com- 
paratively little ethnological work has 
oeen done among the tribes of northern 
New England and eastern Canada. The 
present work is a fine contribution to this 
neglected field. 

Personal contact with the Penobscot 
Indians of Maine, beginning in 1909 when 
they were still an independent forest 
people instead of curiosities for the tour- 
ist, makes Frank G. Speck an authority 
on this tribe of the Algonkians. He tells 
of their history, their folk-lore, their 
daily round of life, their physical and 
mental characteristics, and their adjust- 
ment to the white man's world. As one 
closes this book one wishes with the 
author that these interesting inhabitants 
of the old forests need not have become 
steel-workers and factory hands. 

]^AN Frontier. Studies of the Pacific 

By Laura Thompson, Introduction by B, 
Malinowski, American Council^ Institute 
of Pacific Relations^ San Francisco, New 
York and Honolulu, $i.oo. 9x6; 
xxiii +153 + 7 plates; 1940. 


This study, which Malinowski in his 
introduction terms **an artistic picture of 
primitive life in one of the most fascinat- 
ing parts of the world,” gives an analysis 
of the history of the Fijians, their customs, 
their religion, their psychology, and their 
reactions to the presence of civilizing 
influences. Thompson believes that when 
the natives of the Fiji groups have been 
educated to make the fullest use of their 
native resources, both manual and natural, 
and when the present pauperizing influ- 
ences of soliciting and ceremonial giving 
are banished, the term “famine isles'^ with 
all that it implies will be lifted for once 
and for all from these picturesque British- 
owned islands in the tropical Pacific. 


Doctors in Shirt Sleeves: Musings on 
Hobbies, Meals, Patients, Sport *and Philos- 
ophy, 

Edited by Sir Henry Bashford, Veritas 
Press, New York, $i.oo. 8^ x 5J; xii + 
X94; 1940. 

The twenty-five entertaining essays ap- 
pearing in this volume were selected from 
a series of articles on diverse subjects 
contributed bv medical men to the Lancet 
and publishea therein as a weekly feature 
under the heading “Grains and Scruples.” 
Hobbies, reflections, reminiscences, per- 
sonal experiences, and theories — gastro- 
nomic, literary, biological, educational, 
spiritual, etc. — ^form the subject matter of 
tne essays. Each contributor has been 
given full freedom in choice of subject 
and style of writing. The fortunate re- 
sult, the present volume, is a compilation 
of the “off-duty musings" of medical men 
who write in a witty* and knowing way 
on a diversity of subjects. 

The Man in the Moonught. 

By Helen McCloy, William Marrow and 
Co,, New York, $i.oo. 7J x 5J; [6] + 
311; 1940. 

In these Brief Notes comments on novels 
are rarely included. But the present 
volume has a distinctive right to be 
present. It is a biological detective story 
that is good; both as story and as human 
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biology. The master mind, Basil Willing^ 
is a competent and sensible psychiatrist; 
the action takes place in and about a 
university in New York City not terribly 
difficult to identify under its pseudonym; 
and the professors involved in the story 
behave more nearly as actual professors 
do than is the case in most fiction. Fur- 
thermore the scientific matters, with 
which the book teems, are handled 
throughout with considerable real under- 
standing. Mostly the professional scien- 
tific man will not gag as he reads the 
book, which is saying a lot as the bulk 
of pseudo-scientific fiction goes. Regret- 
tably we do not have the pleasure of 
knowing Helen McCloy personally, or 
a^thing about her. But on the evid^ce 
afifordeo by this volume she is certainly 
to be encouraged to go on writing. 



Canob to Mandalay. 

By Major R. Raven-Hart, Fredirick Mul- 
London, los. 6d. net. 8^ x 5^; 

[j] + 145 + 16 plates; 1939. 

Major Raven-Hart's 16,000 miles canoeing 
experience served him well on his Burmese 
journey of 600 miles which cook him from 
Myitkyina down the Irrawaddy to Ran- 
goon. With only the helpof a 15-year-old 
lad, and at the risk of contracting malaria 
or the plague, or of capsizing in the 
whirlpools of the river, the author made 
the perilous journey without any major 
mishap. The places he visited, the people 
he met, as well as his experiences in 
learning the Burmese language and cus- 
toms, are set down in a most fascinating 
and readable fashion. The author's spicy 
humor is only one of the many factors 
which make for thoroughly enjoyable 
reading. The text is generously supplied 
with imot^aphs of the people and places 
visited. The concluding pages ot the 
book contain an appendix of practical 
details, a table of distances, and an index. 



A Man Who Found a Country. 

By A. Nakashian. Thomas Y. Crowoll 
&., Now York. $1.75. x 5}; viii + 

179; 1940- 


The author’s experiences in a country so 
entire^ different from our own makes 
most fascinating readme. An Armenia, 
living under Turkish nue, Dr. Nakashian 
was a subject from the outset of prejudice 
and persecution. Through determination 
and a blind trust in luck he managed to 
obtain a medical degree at the American 
University then newly established at 
B^routh. His subseauent practice led 
him among beggars, thieves, rich lords, 
and high officials, while at the same time 
he and his family were in almost constant 
flight for their lives. During the World 
War the author was imprisoned for months 
but was released and made a captain in 
the Turkish army because of the dire need 
for surgeons. When racial and religious 
persecutions continued after the war, the 
family moved to this country. The book 
not only pays tribute to the American 
doctors and missionaries who worked in 
the Near East, but it is also an interesting 
and well-written historical account of the 
fall of the Ottoman Empire. 

* 

Scott of the Antarctic. A Study in 
Character. 

By George Seaver. John Murray^ London. 

los. 6d. net. 8^ x 5^; vii + 187 + 

14 plates; 1940. 

When Captain &:ott set out on his expedi- 
tion to the South Pole, he had two 
purposes in mind: (i) British priority at 
the Pole; and (i) the satisfying of his 
own quest for exploration and adventure. 
Although he failed in the former by a 
mere month, the latter purpose was com- 
pletely fulfilled, as attested by his diary 
m which he wrote his experiences right 
up to the minute of his death. Faced 
with unsurmountable difficulties, and al- 
ways working against great odds, Scott 
was a man who never gave up. His 
heritage and early training, his pnysical, 
moral, and intellectual characteristics, his 
failures and successes, all of which con- 
tributed to his indomitable spirit, are 
interestingly recorded in this little volume 
bjr Mr. Seaver. The story of Scott’s life 
will be read and enjoyed, not only by 
Britishers, but by all throughout the 
English speaking world who are intetested 
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in exploration^ adventure^ and human 
character. 



Govb&nmbnts and Birth Control. Pop- 
ulation Increase Versus The Kingdom of God 
on Earth. 

By F. E. Austin. The Austin Workshops^ 
Hanover^ N. H. $i.oo. 6 x 4!; 130; 
1940. 

According to the author's statement 
thirty-two pages of this book are alone 
worth at least sixteen dollars. But in the 
prologue he still expresses some fear lest^ 
reviewers should iind that it has no 
meritorious features. Let it be said that 
Mr. Austin points out some of the funda- 
mental biological truths regarding war 
and overpopulation. Numerous i^ures^ 
some of them valid, others rather comical, 
are presented to show that the world is 
fast going to the dogs. Two alternatives 
remain — wholesale annihilation of popu- 
lations, or radical limitation of births. 
Among the pages is considerable discus- 
sion about the establishment of a Heavenly 
Kingdom on earth by the United States 
and Great Britain, with the “isms" 
doomed to failure because they are not in 
accord with Divine command, all this 
being supported by numerous biblical (]^uo- 
tations. ^t us all take precautions 
against Armageddon ! 

* 

The Atlantic Migration 1607-1860. A 
History of the Continuing Settlement of the 
United States. 

By Marcus L. Hansen. Edited with a 
Foreword by Arthur M. Schlesinger. Har- 
vard University Press ^ Cambridge. $3.50. 
8f X 6; xvii + 391 + ^ plates; 1940. 

The continuing migration of the Copies 
of the Old World to the Western Hemi- 
sphere, and particularly to North America, 
has bera one of the most important and 
significant mimratory movements from 
every point of view, of which there is 
record in history or evidence in prehistory. 
The late Professor Hansen has provided 
in this volume a thorough, scholarly, 
comprehensive, and readable account of 
this movement and its consequences and 


implications. The book is thoroughly 
documented and indexed, the Bibliography 
and Notes occupying over 60 pages. The 
approach and treatment in this volume 
is analytic throughout. Synthesis would 
doubtless have Allowed if Prof. Hansen 
had lived longer. But as a clear, logical, 
and sound untangling of an intricate web 
of social forces of extreme complexity this 
book will have permanent value to his- 
torians, sociologists, and human biologists 
generally. 

Argentine to Andes. 

By Hanna Rydh. Translated from the 

Swedish by Mary Sandbach. Blackie and 

Son^ London and Glasgow. los. 6d. net. 

8i X 5i; xi + 171 + 47 plates; 1940. 
This is an exciting and ref^reshing account 
of a rather unique journey told in a most 
readable and friendly manner. Dr. Rydh, 
a Swedish archaeologist, went to South 
America on a lecture tour, and while 
there, took the opportunity of visiting 
the chief centers of those civilizations 
which existed before the arrival of the 
Spanish and Portuguese. Traveling from 
Buenos Aires to La raz, the author stopped 
to study the remains in the northern 
provinces of Argentina on the eastern 
slopes of the Ano^, and near the borders 
of Dolivia. She was greatly interested in 
the Inca ruins around Lake Titicaca and 
in Cuzco, the very center of the Inca 
empire. During her stay in Cuzco, the 
feast of Corpus Christi was celebrated and 
her description of the ceremony is most 
graphic. The book concludes with a 
charming description of the city of Lima. 
The volume is exceptionally well illus- 
trated and an index has been provided. 



Race, Language and Culture. 

By Franz, Boas. The Macmillan Co., 
New York. $5.00. 9i x 6J; xx + 647; 
1940. 

This volume, a compilation of sixty-three 
papers by Franz Boas, represents the basic 
anthropolojgical views ot one of the most 
dominant ngures in the field of anthro- 
pology. The articles were chosen by 
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Boas from his numerous publications of 
the past fifty-odd years, the earliest 
printed in this volume being The Study of 
Geography (published 1887) and the most 
recent, Growth (1891-1939, revised and 
condensed). 

Hitherto many of the works of Franz 
Boas were more or less inaccessible to 
students, due to the fact that his writings 
have appeared in numerous journals, 
^as's researches extend into all branches 
of anthropology and this work is a 
collection of his more important contribu- 
tions to the fields of physical and cul- 
tural anthropology. There are numerous 
^aphs, drawings, and photographs. A 
detailed table of contents takes the place 
of an index. 

i 

An Introduction to Cultural Anthro- 
pology. A New and Enlarged Edition. 

By Robert H, Lowie. Farrar and Rinehart ^ 
New York. $3.50. 8f x 3!; xx + 584 
+ 16 plates; 1940. 

Part I of this edition has remained essen- 
tially unchanged from the 1934 publica- 
tion reviewed in this journal (cf. Vol. 10, 

f ). 347). Entirely new chapters discuss 
anguage and the theory of culture. The 
author upholds the view that cultural 
variations between peoples are separate 
and distinct from racial differences. The 
second part of the volume, almost entirely 
new and supplementary to the first edition, 
treats typical cultures, including our 
Western civilization as well as several 
primitive tribes. A number of maps and 
drawings accompany the text and the 
volume is made complete by an index and 
enlarged bibliography of 16 pages. 



Adventures of a Biologist. 

By J. B. S. Haldane. Harper and Bros.y 
New York and London. $i. 75. 8JX3I; 
vii + l8i; 1940. 

This volume consists of a series of essays — 
already published through some meoium 
or other — ^which are, as Haldane says, 
“by-products of my other activities, 
namdy scientific teaching and research, 
and, since 1936, political work.’* In 


essence they describe intellectual explora- 
tions into human biologv and arc written 
in a smooth smart style that will wobably 
appeal more to the so-called intelligentsia 
than to the general public. A multitude 
of topics is covered, all to some degree 
cosmic: climate, origin of life, the geo- 
physical universe, etc. About one naif 
of the essays deal with problems of 
sociology: of course included is also a 
note on Marxism. The reader, even 
though not particularly interested in 
Professor Haldane’s feelings and thoughts 
about such matters, will undoubtedly 
enjoy the book. 

* 

Emigrant Communities in South China. 
A Study of Overseas Migration and Its 
Influence on Standards of Living and Social 
Cnange. 

By Ta Chen. English Version Edited by 
Bruno Lasker. Institute of Pacific Rela- 
tions^ New York. $1.50. 9x6; xvi 
187; 1940. 

The field study on the emigrant com- 
munities of East Kwangtung and South 
Fukien in South China was undertaken 
as an inquiry into the “nature and con- 
sequences of cultural change in the Pacific" 
and “into the part played by Chinese 
emigration to the near-by countries of 
the South in changing the standards of 
living in the home communities. ...” 
This research on the causes and cultural 
efifects of emigration should be of great 
interest to the student of migration, 
culture diffusion, and sociology. There 
are numerous tables, three appendices, 
and an index. 



Ingauk Material Culture. Yale Uni- 
versity Publications in Anthropology. Num- 
ber 22. 

By Cornelius Osgood. Yale University 
Press^ New Haven; Oxford University 
Press^ London. $4.00. 9J x 7; 500 + 11 
plates; 1940 (paper). 

The data on which this volume has been 
based were recorded in the Alaskan 
village of Anvik during the summers of 
1934 and 1937, under the auspices and 



NEW BIOLOGICAL BOOKS 


481 


with the financial support of Yale Uni- 
versity. The present work is the first of 
an intended series of papers. It deals 
primarily with descriptive data from the 
analytical point of view. Later it is 
hoped to present a consideration of certain 
ethnological theories to which these 
data from the north are pertinent. The 
book is illustrated with numerous line 
drawings, maps, and photographs. The 
appendices furnish adaitional Ingalik in- 
formation of diverse character. There 
is a bibliography and an index. 

* 

Advbnturbs in Good Eating. Good Eat- 
ing Places Along the Highways of America, 
Seventh Edition, 

By Duncan Hines, Adventures in Good 
Eating^ Bowling Green^ Ky, $1.50. 7I x 
5; 196; 1940 (paper). 

The automobile traveler unconsciously 
has had no small part in the production 
of this guide that now appears in its 
seventh edition (tenth ^inting — the first 
edition appeared in i9^Q. It seems to be 
thoroughly dependable. Naturally it is 
not possible for one person to check up 
on all the places listed but apparently 
there are many competent ana willing 
helpers . Occasionally there are omissions 
and doubtful inclusions. Some of these 
errors, however, will undoubtedly be 
ironed out with the continuation of the 
present standard of checking. Besides the 
United States the survey includes Canada, 
Alaska, Mexico, and Hawaii. 

Laboratory of Anthropology. Techni- 
cal Series^ Bulletin No. zo. Archaeological 
Survey . Containing the following articles : 
A Variation of Southwestern Pueblo Culture^ 
by J. D. Jennings; Analysis of the Skeletal 
Material^ by Georg Neumann. 

Laboratory of Anthropology^ Santa Fe^ 
N. M. $1.13. lof X 8f; 2X) + 8 
plates; 1940 (paper). 

The slow and arduous task of excavation 
in the attempt to learn more about the 
life and activities of pre-historic man of 
North America has taken many scientific 
groups into the rich fields of Indian 


culture of the southwestern United States. 
The present bulletin describes the indus* 
trial and skeletal finds of three excava* 
tions in the Pefiasco River Valley of New 
Mexico. Everything found was indica-* 
tivc of a southwestern Pueblo culture 
dating somewhere around ii 50-1300. 

A short bibliographv, and several maps 
and photographs conclude the paper. 

Contributions to the Racial Anthro- 
pology OF THE Near East. Papers of the 
Peabody Museum of American Archaeology 
and Ethnology^ Harvard University. VoL 
XVI No. 2, 

By Carl C, SeltZfr. Based on Data Col- 
lected by Henry M. Huxley, With a 
Foreword by Henry M, Huxley. Peabody 
Museum of Archaeology and Ethnology^ 
Cambridge. $1.00. 9^ x 6J; x + 61 -|- 
8 plates; 1940 (paper). 



ZOOLOGY 

The Louse: An Account of the Lice Which 
Infest Man^ Their Medical Importance and 
Control. 

By Patrick A. Buxton. Williams & 

Wilkins Co., Baltimore. $3.00. 8^ x 

5i;ix-f 115; 1940. 

It is apparent that our generation is the 
first in the history of mankind to think 
the human louse sufficiently important to 
warrant any particular activity from man 
other than that of scratching. In this 
important treatise Buxton has recorded 
much of the recently gathered knowledge 
of the human louse, with special reference 
to its life and activities, its importance 
as a vector for infectious diseases, its 
control, as well as the methods used in 
rearing it in the laboratory for experi- 
mental purposes. From the medical {^int 
of view, the treatment of the subject is 
complete. Much space is devoted to the 
relations of the louse to the Rickettsias 
and Spirochaetes responsible for typhus 
and relapsing fever respectively. The 
belief that each of these diseases is spread 
by rubbing either the feces or the fluids 
from the broken bodies of the lice into 
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abrasians of the skin, rather than by the 
bite and blood sucking process of the 
louse, is thoroughly documented,’ and 
appears to be universally accepted. From 
a biological point of view, there are many 
gaps in our knowledge concerning the 
human louse. The author states, 

**There if no evidence that it [the louse] can establish 
itself and breed on other hosts. The only possible 
exception is of certain monkeys, from which lice 
har^y distinguishable from P. humanus have been 
recovered in zoological gardens; the simple experi- 
ment of infecting clean monkeys with human lice 
and observing the result has not yet been performed.'* 
"Several records appear to suggest that the blood 
of some animals (especially of r^ents) is poisonous 
to Ftikulus; no one has penormed the simple experi- 
ment of comparing the length of life after sucking 
guinea^ig or rat with that of controls on man, or 
even of unfed controls." "With regard to digestion 
[in the louse] nothing is known." 

In the admission of these gaps in our 
knowledge, Buxton suggests possibil- 
ities for research, though we wonder 
why these simple experiments were not 
performed bv the author himself long 
ago — particularly the ones concerning 
the rearing of human lice on other hosts. 
If the human louse could be found to live, 
or could be induced to live and reproduce 
normally on a monkey, the present annoy- 
ing method of rearing them on human 
subjects tor laboratory work would be 
eliminated. 

The text is well illustrated, completely 
indexed, and boasts a bibliography of 
io8 titles. 


ThB RaTTLBSNAKBS, GbNBRA SlSTRUBUS 
AND Cbotalus. a Study in Zoogeography 
and Epolution. Special Publication Number 
Four. 

By Howard K. Gloyd. The Chicago Acad- 
etny of Sciences^ Chicago. $1.50. 9} x 

7; vii + i66 + [4] + 31 plates; 1940 
(paper). 

The origin, evolution, and dispersion of 
the rattlesnake make up the content of this 
authoritative and scholarly dissertation. 
The fact that snakes make poor fossils 
has been mponsible for the meager 
paleontological material concerning the 
origin of the rattlesnake. However, it is 
almost a certainty that the rattler had 


his origin in southwestern North America, 
and more particularly, the north central 
portion or the Mexican plateau. In 
general, the further the rattlesnake has 
migrated from this region, the greater 
have been the variations and specializa- 
tions in its evolutionary process. Ac-‘ 
cording to the best evidence Gloyd has 
been able to gather, there was a wide- 
spread distribution of the genus Crotalus 
in the United States during Pleiocene 
times. 

Some 4^ species of rattlesnakes are 
described in detail, particular note being 
made of the variations in size and color, 
the distribution, range, and the affinities 
for other species. A key to the species 
and sub-species of rattlesnakes, a oibli- 
ography of 303 titles, a complctf index, 
as well as numerous tables, graphs, and 
photographic plates of many of the 
species listed, indicate the completeness 
of the work. 


Foraminifbba: Their Classification and Eco- 
nomic Use. Third Edition^ Revised and 
Enlarged^ with an Illustrated Key to the 
Genera. 

By Joseph A. Cushman. Harvard Uni- 
versity Press^ Cambridge; Oxford University 
Press^ London. $6.00. 9 x 6; ix -j- 
4x6 + 48 plates; 1940. 

Biologists and palaeontologists are be- 
coming increasingly aware of the impor- 
tance of this great group of single-celled 
animals, of \/smich nearly 500 genera are 
now recognized. In the oceans they 
occur in untold numbers, their tests 
(secreted material which hardens into 
shap<» characteristic for each form) largely 
making up the thick ooze of the ocean 
floor. As fossils, in the Paleozoic and 
even younger formations, they formed 
thick limestone — ^the pyramids of Egypt 
are largely of such limestone. Since the 
species have definite geologic and geo- 
graphic ranges, they are important in 
determining the age of sediments and the 
conditions under which they were de- 
posited. Commercially, their importance 
18 indicated by the fact that many petro- 
leum companies now have in their labora- 
tories workers who have a special knowl- 
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edge of fossil Foraminifera. In spite of 
the fact that several thousand papers 
have been written about the Foraminifera, 
practically nothing is yet known about 
the habits and physiologic character of 
the animal: — a new field for biological 
investigation is unfolding. 

In the present edition of this fine 
authoritative work the plates and key to 
the families and genera, which were 
published as a second volume in the second 
edition, have been added to the text 
under a single cover. The bibliography 
(38 pages) IS extremely useful. An im- 
portant reference book for all biological 
laboratories. 

* 

A Statistical Study of thb Rattle- 
snakes. VII. The Rattle^ Part i. Occa- 
sional Papers of the San Diego Society of 
Natural History. Number tf. May 18^ 1^40. 

By Laurence M. Klauber. San Diego 

Society of Natural History^ San Diego^ 

Calif. 8| X 5!; 6i; 1940 (paper). 

This contribution maintains the high 
standard set by the author in his previous 
work on various aspects of the physiology 
and somatology of the rattlesnake. There 
are first discussed the maiw erroneous 
ideas concerning the use of the rattle: 
namely, as a mating call, as a call for 
help ^rom other rattlers, to warn other 
rattlers from danger, to paralyze, decoy, 
charm, lure, and warn prey or other 
intruders, to prevent an attack on the 
tail, as a substitute for hissing, as a 
religious warning, and as a venom carrier. 
The author dismisses, with excellent 
reasons based on field observations, all 
the above suggested uses for the rattle 
except that of a warning to intruders. 
This he believes to be its sole function, 
and that it is put to this use only after 
proc^psis has been unsuccessful in pre- 
venting discovery. The discussion con- 
tains ^tailed analyses of the number and 
measurements of rattles from various 
species, together, with the method of 
vibration, the process of growth and 
shedding, as well as a chemical analysis of 
the homy material which constitutes the 
rattle. 

Features which add to the usefulness of 


the paper arc the table of contents and 
the fist of 145 bibliographic references. 

A Field Guide to the Birds: Giving 
Field Marks of all Species Found East of the 
Rockies. Revised and Enlarged. 

By Roger T. Peterson. Houghton Mifflin 

Co.^ Boston. $1.75. ji X 4J; XX + 

180 + 40 plates; 1939. 

The need for a field guide based on the 
field markings of birds was the prompting 
circumstance for the writing of this book. 
The author expects it to be used to supple- 
ment the standard ornithological works 
in identifying live birds on the wing, or 
on trees, or thickets at a distance, by 
impressions, patterns, and distinctive 
markings, rather than by the minute 
anatomical measurements and markings 
used by collectors. 

In tnis edition, completely revised and 
enlarged, some 78 families of birds are 
described, including many genera and 
species native to that section of the North 
American continent east of the Rocky 
Mountains. The text is generously sup- 
plied with illustrations in color, ana black 
and white. A list of home reference 
suggestions and an extensive index com- 
plete the volume. 

ZooLOOicA. Scientific Contributions of the 
New York Zoological Society. Vol. XXV ^ 
Part j. Numbers i-io. 

New York Zoological Society^ Zoological 

Park^ New York. $1.7^. i^X7;ii6 + 

15 plates; 1939 (paper;. 

The following papm appear in this 
number: The breeding benavior of the 
common shiner, Notropis comutus (Mitch- 
ill), by E. C. Raney; Divergence and 
pobability in taxonomy, by Isaac Gins- 
burg; Miscellaneous notes on the eggs and 
young of r^iles, Iw Roger C^nant and 
Alexander Downs, Jr.; Occlusion of the 
venom duct of Crotalidae by electro- 
coagulation: an innovation in operative 
technique, by D. B. Taros; Eastern Pacific 
expeditions of the New York Zoological 
Society. XVII. A review of the Ameri- 
can fishes of the family Cirrhitidae, by 
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John Tee-Van; Eastern Pacific expeditions 
of the New York Zoological Society. 
3CVin. On the post-embryonic develop- 
ment of Brachyman crabs of the genus 
Oqipode, by Jocel)m Crane; New species of 
British Guiana Heterocera, by W. Schaus; 
A napillary cystic disease affecting the 
barnels of Amiunu ntimlosus (Le Sueur), 
caused by the Myxosporidian Httmfftya 
sp. nov., by R. F. Nigrelli 
and G. M. Smith; Caudal skeleton of 
Bermuda shallow water fishes. IV. 
(>der Cyprinodontes: Cyprinodontidae, 
Poecilidae, by Gloria Hollister; I^e 
histology of the ^e of the cave Characin, 
Afupticbtiys, by E. B. Gresser and C. M. 
Breder, Jr. 

i 

Natural History of the Birds of East- 
ern AND Central North America. 

By Edward H. Forbusb and John S. May. 
Illustrated hy Louis Agassiz, Fuertes^ 
Allan Brooks and Roger T. Peterson. 
Hougffton Mifflin Co.^ Boston. $4.95. 
iii X 7§; XXV + 334 + 97 plates; 1940. 
This volume is a revision and abridgement 
of Forbush's very fine vrork Birds of 
Massachusetts and other New England States. 
The junior author's task, by no means an 
easy one in following Forbush, has been 
extremely well done. The work, origi- 
nally in three volumes, has been abridged 
into one, and at the same time the &ld 
extended to include all the birds east of 
the Dakotas, Nebraska, and Kansas, as 
fait south as Florida, and north through 
eastern Canada. Something over 100 
species have been added. The life history 
and detailed descriptions of all species 
and sub-species which are commonly 
found in this area, whether breeding birds, 
winter visitors, or migrants, are given; 
and in order to make the list quite com- 
plete the "stragglers" or "accidentals" 
of the region are given in an appendix — 
but without descriptions. 

Indexes are included for both scientific 
and common names and at the end of 
the volume are the fine colored illustra- 
tions by Fuertes, Allan Brooks, and Roger 
Peterson— 97 plates altogether. The pace 
of the book seems to us most moderate. 


Wonder Creatures of the Sea. 

Ejy A. Hyatt Verrill. D. Appleton^en- 

tury Company^ New York London. 

$3.00. 8i X 3J; xvi -f 171 + 10 plates; 

1940. 

Rapidly swelling book lists are science 
books written tor popular consumption 
with much of the superabundant esoteric 
terminology of the scientific world de- 
leted. Womer Creatures of the Sea^ a 
successful addition to the above-mentioned 
lists, describes the habits and dwelling 
places of invertebrates found on sea 
shores, in streams, tidepools, bays, and 
in the ocean's depths. There are splendid 
color and action descriptions of such 
denizens of the seas as sand-dollars, 
sea-urchins, king-crabs, starfishes, lob- 
sters, sea-cucumbers, sponges, spider-crabs, 
corals, sea-squirts, andinnumerablebthers. 
The scientinc status (families, genera, 
etc.) of the wonder creatures is omitted 
whenever possible as is also a minutely 
detailed description of their anatomy. 
There are many excellent line drawings by 
the author. Photographs and index are 
included. 



The Cod Fisheries. The History of an 
International Economy. 

By Harold A. Innis. Yale University 
Press^ New Haven; The Ryerson Press^ 
Toronto; Oxford University Press ^ London. 
$j.30. 9I X 6J; xviii + 310; 1940. 

Coo fishing was very important to the 
economics of the early inhabitants of the 
American sea coast. This harvest ob- 
tained from the sea for a long time rivalled 
the produce of the opening wilderness. 
Even t^oday, although its importance has 
been rdatively lessened by the rise of 
industry, it remains a world of its own in 
international economy, one in which the 
interplay o£ American, Canadian, and 
European interests has created a situation 
unique in history. The narrative begins 
with a chapter on European history. 
This is followed by a desenption of more 
recent times, when cod fisneries passed 
almost completely into the hands of the 
seamen of New England and Nova Scotia. 
The work contains many footnotes and 
is well indexed. 
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Studies in the Mecopte&a. Containing: 
Biology and Morphology of Some North 
American Bittacidae (Order Mecoptera\ by 
L. R. Setty; The Genital Anatomy and 
Mating Behavior of Boreus hrumalis Fitch 
^Mecoptera')^ by Kenneth W. Cooper. 

The American Midland Naturalist^ Uni- 
versity of Notre Dame^ Notre Dame^ 

Indiana, $1.00. 9 x 5!; iii; 1940 

Th/ Jetailed report (including 178 line 
drawings, 68 references) on the biology 
and morphology of some of the hanging- 
flies of North America adds appreciably 
to the hitherto meager knowledge of these 
insects that are beneficial to man. Adult 
bittacids (the adaptation of their hind 
legs for food-getting is unique) feed on 
flying mosquitoes: the larvae are scaven- 
gers. In addition, the bittacids, in all 
stages, are excellent material for biology 
teaching. 

Much new material is included in the 
second of these papers (9 figures, 30 
references). In spite of marked internal 
differences, the mating behavior ol Boreus 
hrumalis is identical with that of B, 
hymalis. Correspondingly, the external 
genitalia are remarkably similar. 

* 

Brain and Body of Fish. A Study of 
Brain Pattern in Relation to Hunting and 
Feeding in Fish, 

By rl, Muir Evans, The Blakiston Co.^ 

Philadelphia, $3 .50. ^ x 6; 164; 1Q40. 
The author has chosen main and Body of 
Fish for his title 

because this condenses in a phrase the remarkable fact 
that the external conformation of the brain of a bony 
fish indicates its habits and mode of feeding. In 
other words, the study’ of the external condition of 
the brain in bony fish is an index of the development 
of those organs belonging to the various sensory 
faculties. 

The brain patterns, bodily structure, and 
habits of such teleosts as the Cyprinidae 
^carps), Clupeidae (herrings), flat-fishes 
(halibuts, soles, ^flounders, plaices, tur- 
bots), Gadidae (cods), and the Anguil- 
lidae (eels) are descril^d and the relation 
between form and function discussed. 
Numerous drawings bv the author illus- 
trate the text material. There is a brief 


table of contents, but unfortunately no 
index to either the text or the drawings. 



The Branchiobdellidae (Olioochaeta) 
OF North American Crayfishes. Con- 
tribution from the Zoological Laboratory of 
the University of Illinois No, 

By Clarence J, Goodnight, University of 
Illinois Pressy Urbana, $1.00. loj x 7; 
^ 75 1940 (paper)- 

This IS a monograph of annelid worms 
symbiotic with crayfish, of which nine 
genera and twenty-one species arc known 
to inhabit the rivers of North America. 
Of these, three species and one genus are 
new and another genus has not hitherto 
been reported from this continent. There 
are also a few new terms of subgeneric and 
subspecific rank introduced. The geo- 
grapnic ranges of these animals are quite 
extensive, and seem to be independent of 
the size of the stream in which tney occur. 
Also there is no host specificity, so that 
any worm may cohabit with any crayfish. 
There arc sixty-four items in the bibli- 
ography, the oldest of which dates from 
1805. 



Check-List of Birds of the World. 
Volume IV, 

By James Lee Peters, Harvard University 
PresSy Cambridge; Oxford University Press^ 
London, $4.00. 9x6; xii -|- 2^1; 1940. 
Volume 4 ot this invaluable check list 
(for Volume i, cf. Q.R.B., Vol. 7, No. 3: 
for Volume 3, cf. Q!r.B., Vol. 11, No. 4) 
deals with the cuckoos (including the 
African family of plantain-eaters), owls, 
goatsuckers, and swifts. The treatment 
of the forms has been brought up to 31 
December, 1938, although a few forms 
described in 1Q39 are included. Mostly, 
these orders have not been completely 
described since the turn of the last century. 

It is interesting at this stage in the 
development of the Check-List to compare 
the number of genera and species of She^p*s 
Volume I, issued in 1899, with the forms 
recognized in the first four volumes of 
Peters (1931-1940) covering the same 
orders: Sharp lists 830 genera, 3616 spe- 
cies; Peters lists 569 genera, 5105 forms. 
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Amtuxban Tbekafims. Mmoirt of the 
Miurnn of Comparativ* Zoology at Haroard 
ColUgt, Vel. LIV, No. /. 

By T, Barbour and A. F, Carr, Jr. Mu- 
stum of Comparativt Zoology, Cambridgt, 
Mass. $6.00. IX x lo; 35 4 - 9 plates; 

S^ian terrapins of the genus 
Pstudtu^s comprise a section of the wide- 
ranging scripta group, being most closely 
allied to the Cratral American 
omata. The scripta group is distributed, 
through a series of integrading forms, 
from North Carolina into South America. 
Nine forms are listed and described in this 
montwaph — in the ttrrapm sub-groups, 
five forms of which two are new sub- 
species; in the stejnogiri sub-group, four 
forms of which one is a new species and 
one a new subspecies. A bibliography of 
58 titles accompanies the text — also a 
group of very fine colored plates (31 
figures). 

i 

Amour db la Chassb. 

By Jian^£, Bemch, Editions Stocky Paris. 
18 francs. x 4J; 173; 19J9 (paw). 
This little book traces the life of the 
hunter an^ his joys and sorrows from the 
time he listens of an evening, as a little 
tot, to the stories of his elders; learning 
the habits of animals and to recognize 
their tracks; the time when he is first 
allowed to handle a gun; his first hunt 
and his later experiences up to the time 
when he is an old man and has to content 
himself by reciting his '^adventures" to a 
younger generation. Delightfully writ- 
ten, the book also contains much material 
on the habits and food of animals and 
birds, and the aspects of the country-side 
during the four seasons. 


Animal Biolooy. Stcmd Edition. 

By Kobort H. Wolcott. McGraw-Hill 
Book Co., Now York and London. $3.50. 
9x6; xxi + 649; 1940. 

This edition differs little in aim and 
presentation from that of the first edition 
CQ.R.B., Vol. 9. No. i). It is an ele- 
mentary textbook in zoology. The vol- 


ume is not intended as a reference and for 
this reason technicalities are minimized. 
All morpholog}r is eliminated as the 
author holds this wtion of zoology is 
best handled by laboratory^ work. The 
book possesses many new illustrations, a 
glossary, and an index. 

Hbrpbtolooical Rbsults of thb Vbrnay 
Angola Expedition. With Notes on Afri- 
can Reptiles in Other Collections. Part I. 
Snakes, Including an Arrangement of African 
Colubridae. Bulletin of The American Mu- 
seum of Natural History. Volume LXXVII. 
By C. M. Bogert. American Museum of 
Natural History, New York. 90 cents. 
Q X 6; 107 + I plate; 1940 (paper). 
Added to the main collections of the 
Vemay Angola expedition of 1915 arc 
specimens from 16 other collections from 
various African sources. The specimens, 
totalling 549, arc distributed among 6 
families, 51 genera, and 116 species and 
subspecies, oix are described as new or 
hitherto unrecognized forms. Many line 
drawings and photographic plates form 
part of the report. 

A Race of the Warbling Virbo from 
Guerrero, Mexico. Transactions of the 
San Diego Society of Natural History, 
Volume g. No. 16. 

By A. J. van Rossem. Society of Natural 
History, San Diego, Calif. lof x 7; 1; 
1940 (paper). 

Notes on Some North American Birds 
OF THE Genera Myiodynastbs, Pitangus, 
AND Myiochanes. Transactions of the San 
Diego Society of Natural History, Volume g. 
No. 17. 

By A. J. van Rossem. Society of Natural 
History, San Diego, Calif. loj x 7; 8; 

Thb^o^Li^Snaxes of the Genus Lbpto- 

TYPHLOPS IN thb UnITBD StATBS AND 

Northern Mexico. Transactions of the 
San Diego Socie^ of Natural History, 
Volume g. No. iS. 

By Laurence M. Klauber. Society of 
Natural History, San Diego, Cattf. lo^ x 
7; 76; X940 (paper). 
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Thb Ltrb Snaxbs (Gbnus Trimo&phodon) 
or THB Unitbd Statbs. Transactions of the 
San Diegp Society of Natural History^ 
Volume p, No, ig. 

By Lattrence M. Klauier, Society of 

Natural History^ San Diego^ Calif, loi x 
7; 31; 19^ (paper). 

Two Nbw Subspbobs of Phtllorhynchus, 
Thb Lbaf-Nosbd Snakb, with Notbs on 
THB Gbnus. Transactions of the San Diego 
Society of Natural History, Volume p, No, 20, 
By Laurence M, Klauber, Society of 

Natural History, San Diego, Calif, lo^ x 
. 7; 10; 1940 (paper). 

BOTANY 

Thb Badianus Manuscript. (Codex Bar- 
berini, Latin 141) Vatican Library. An 
As^ec Herbal of i$s2. 

Introduction, Translation and Annotations 
by Emily Walcott Emmart, With a Fore- 
word by Henry E, Sigerist, The Johns 
Hopkins Press, Baltimore; Oxford, Uni- 
versity Press, London, $7.50. 11 x 9I; 

xxiv + 341; 1940. 

This facsimile of the first medical book of 
, the Western Hemisphere, preceded by a 
foreword by Henry Sigerist, a lengthy 
preface on the construction of the manu- 
script, early knowledge of materia medica, 
Aztec folklore of medicine, etc., which 
prepare the reader for the fare that is to 
come, is indeed a remarkable book. And 
as one continues on to the end one becomes 
more and more grateful not only to Dr. 
Emmart, whose untiring and persistent 
e£Forts have made this such a memorable 
volume, but to all those individuals and 
groups whose aid, financially and other- 
wise, have made it possible for such an 
important and expensive work to be ac- 
quired at such a low price. It is a treasure 
tnat should be on biological book-shelves 
and in private libraries, as well as avail- 
able in public libraries for exhibition 
puj^ses. 

Ine original, a little book, 6 inches 
wide, 8| inches high, and f of an inch 
thick, bound in crimson velvet, has lain 
for perhaps three centuries at least in the 
Vatican Library, its very existence un- 
known until comparatively recently. On 


the first fly-leaf is in Latin the following 
inscription [we give Emmart's transla- 
tion]: '*A little book of Indian medicinal 
herbs composed by a certain Indian 
physician of the College of Santa Cruz, 
who has no theoretical learning, but is 
well taught by experience alone. In the 
year of our Lord Saviour 1551.” 

In the early period following the Mexi- 
can conquest the Spaniards established 
schools and colleges in order to acquaint 
the Aztecs (one of the most intelligent of 
the American Indian races) with European 
culture; and shortly the students were able 
to speak fluently in both Spanish and 
Latin. To instruct them in the art of 
medicine a native physician, Martinus 
de la Cruz, was brought to the College of 
Santa Cruz in Tdaltelolco — the first 
college of higher education to be estab- 
lished in the New World. It was Marti- 
nus who wrote the text of this little 
treatise on Mexican medicinal plants and 
native remedies. Another native, one of 
the early students, and later * 'Reader in 
Latin** at the college, Juannes Badianus, 
translated the text into Latin. 

A table of contents groups the material 
into 13 chapters, each dealing with a 
dififerent group of afflictions which tend 
to range from the head to the feet. In 
the treatment and cure of these ailments 
practically all members of the plant king- 
dom found in Mexico were used — ^from 
small rock plants to large trees; from 
aquatic to desert forms. Among the 
most interesting of the native Aztec 
remedies are the narcotics and analgesics. 
The 87 pages of plant illustrations have 
been most skillfmlv reproduced in the 
{present volume ana show the brilliant 
colors of the original manuscript. It is 
uncertain whether Martinus or Badianus 
made the original paintings, but thev 
were beautifully and carefidly executed. 
While they perhaps are inferior in techni- 
cal detail wnen compared with the luh 
and 1 6th century herbals of Europe, they 
compare very favorably with those of the 
13th and 14th centuries. As in the Euro- 
pean herbals the illustrations are of a 
constant size regardless of. the natural 
size of the plant. 

Following the facsimile are Emmart*i 
transcriptions and translations of the 
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text with many interesting comments 
and footnotes and the volume is com- 
pleted by a group of indices referring to 
Aztec terms, botanical and animal forms, 
stones, earths and minerals, materia med- 
ica, maladies, and a bibliography of over 
6 o titles. 



The G>mplbtb Guide to Soilless Gar- 
dening. 

By W. F. Gericke. Prentice-Hall^ New 
York. $1.75. 9x6; xvi + 185; 1940. 
Gardening without ^il. 

By A. H. Phillip. Chemical Publishing 
Co.^ New York. $1.00. x 5^; 137; 

word in hydroponics will un- 
doubtedly not be written until sometime 
in the far future, but, to date, Gericke's 
scholarly and authoritatively written vol- 
ume presents all the worthwhile theories, 
techniques, hopes, and trends of this 
relatively new phase of botany. In spite 
of the tact that the soilless method of 
rearing plants was known and used in 
plant physiology laboratories since the 
middle of the last centu^, Gericke is 
recognized as the father 01 hydroponics, 
because it was he who first gras^d the 
practical significance of the field and 
prepared the way for its growing success 
m competition with regular agriculture. 

In aadition to the discussions on the 
methods and materials of hydroponics, 
Gericke suggests the way for profitable 
investigation in the future, and makes a 
strong plea for soilless gardening as one 
of the answers to the present world 
economic dilemma. The text is gen- 
erously supplied with illustrations, and 
the work is concluded with a useful 
glossary and a complete index. 

The second of these volumes, intended 
for the British public, includes nothing 
new or original in the field of soilless 
gardening. The subject is presented in a 
Drief and exact fashion, by one who has a 
well-grounded knowledge of the physi-. 
ology of plant growth, and should prove 
quite helpful* to those who have a few 
minutes each evening to spend on this 
interesting and worthwhile phase of 
botany. 


The Evolution of the Land Plants 
[Embryophyta]. 

By Doudas H. Campbell. Stanford Uni- 
versity Pressy Stanford University^ Calif.; 
Oxford University Press ^ London. $6.30. 
9X 6;ix + 731; 1940. 

For the trained botanist this book makes 
most interesting reading. 

"Plants are, on the whole, far more conservative 
than animals, and most of the cxistina can be 
traced back to a very remote period.^’ Close rela- 
tionships between any two groups can only be found 
among the simpler forms. **. . . some 01 the most 
successful living plant types retain certain primitive 
characters." It is the resent practice to class all 
forms below the mosses Cbryophytes) in a single sub- 
kingdom, yet "the inclusion in a single subkinadom, 
of such a heterogeneous assemblage of evidently 
divergent types is decidedly unscientific. . ." On 
the other hand, the three groups ofrhigher plants 
(mosses, ferns, and seed plants) are treaM as inde- 
pendent subkingdoms **. . . although it is generally 
recoraized that these three group essentially 
similar in their reproduction. Inere is abundant 
reason for placing these three groups in a single sub- 
kingdom, Embryophyta, as is done by Engler." 

The essential similarity in the reproduc- 
tion of embryophytes was demonstrated 
nearly 80 years ago by Hofmeister, but 
the old classification has still been 
retained. 

This book is concerned with tracing 
the relationships among the different 
members of the embryophytes (the typical 
green land plants) as well as their rela- 
tionships with their nearest relatives 
among the algae. Campbell draws upon 
an abundance of literature as well as his 
own researches in reaching his conclusions. 
The detailed treatment of the subject 
matter, the documentation of the chap- 
ters, the 350 figures almost all of which 
giye several views, and the detailed index 
give testimony to the care with which the 
volume has b^n prepared. 

* 

The Suence and Practice of Conserva- 
tion: Grass and Forage Crops. In Two 
Volumes. 

By S. J. Watson. Fertiliser and Feeding 
Stuffs Journal^ London. 306. net. 9! x 
3i; xi -f vii + 8zo; 1939 (paper). 

The main object of these volumes is to 
give a detailed and conservative account 
of the studies on the conservation of 
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fodder crops at Jealott's Hill Qcalott’s 
Hill Research Station, Bracknell, Berks, 
England). In addition, all relevant and 
important findings, which an examination 
of the extensive literature from all parts 
of the world has yielded, have been in- 
corporated. Each of the 13 sections is as 
complete as it has been possible to 
make it. 

In order to give a general idea of the 
manner in which the subject matter is 
arranged we have selectee Chapter 13, 
which is on the losses involved in making 
silage, and have given the topics around 
which the discussion takes place: Nature 
of the losses in silage-making; Measure- 
ment of losses; The losses in grass silage; 
The losses in silage made from legumes, 
alone or with an admixture of grass; The 
losses in the ensilage of silage mixtures; 
The losses in the ensilage of maize and 
other carbohydrate-rich crops; Compari- 
son of losses in the different ^oups; 
Losses of mineral constituents; Loss of 
vitamins; Conclusions. 

The different sections contain much 
tabular matter and lengthy reference lists 
and at the end of Volume II are author and 


their identification will be greatly fa- 
cilitated. 

The work is amply illustrated by 
drawings and photographs. The latter 
are especially worthy of mention. A 
somewnat unusual but interesting feature 
is the wealth of biographical material 
about persons otherwise forgotten, but 
whose names are perpetuated in those of 
the plants. These names as well as the 
names of the plants are included in the 
six and a half page index. 



Competition among Grains. 

By N. Jasny. Food Research Institute^ 
Stanford University^ Calif. $4.00. x 
5f; xiii + 606; 1940. 

A work destined to be of great value for 
reference to all those in any way concerned 
with grains. The author’s extensive ex- 
perience in Russia, Germany, and the 
United States, and his familiaritv with 
the literature have well fitted him to 
produce an authoritative survey. The 
purpose of the study 


subject indexes. An important work. 

Desert Wild Flowers. 

By Edmetnd C. Jaeger. Stanford University 
Press^ Stanford University; Oxford Uni- 
versity Press, London. $3.50. 8J x 5§; 
xii + 3 ll; 

The name of Edmund C. Jaeger on the title 
page of any volume is adequate certifica- 
tion of its excellence, and this one is 
worthy of its predecessors. It is to be 
hoped, however, that it will not be too 
successful in popularizing the desert, as 
the vandalous raids made upon this 
region by Philistines of a nearby metropo- 
lis have got past the stage where they are 
merely a scandal. 

There is probably a greater number of 
species of flowering plants in the Colorado 
desert than in any other equal area in the 
United States^ and the need for a reliable 
textbook containing descriptions and illus- 
trations is evident. This is not so much a 
field-book as a laboratory manual and if 
specimens are brought into the laboratory 


is to indicate the major influences resTOnsible for 
the present distribution of world produedon and 
world trade among the individual grains and the 
major long-run changes in this distribudon. To 
ful&l this task the compeddve posidon of each grain 
must be studied in the spheres of both consumption 
andproduedon. 

lo find space for a rather detailed analysis of both 
produedon and markedng phases, the study had to be 
limited to a few goods only. . . . The term **grain" 
as here used refers specifically to only five ^ains: 
wheat, rye, barley, oats, and com; and attention it 
directed principally to the production of these crops 
for grain rath^ tnan for hay, silage, and pasture. 
The study is furthermore primarily concerned with 
the occidental parts of the world's temperate tones. 
Even within this territory, countries not participating 
in world trade could in general be given only passing 
attention. 

Charts, tables and diagrams exhibit the 
data effectively and the work concludes 
with appendix notes and tables and a 
useful index. 



Rocky Mountain Trees. A Handbook of 
the Native Species with Plates and Distrihet- 
tion Maps. 

By Rjchard J. Preston, Jr. Iowa State 
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Collide Press ^ Ames, $x.oo. 7i x 5; 

Ixxxi + X85; 1940. 

The Rocky Mountain trees for the separate 
states have been classified in a numoer of 
pamphlets but not until the appearance 
of the present volume have the characteris- 
tics of the trees for the entire Rocky 
Mountain region been gathered into one 
concise key. Hence this authoritative 
work fills a real need in the field of 
forestry. 

The text includes discussions of the 
topography of the Rocky Mountain region 
as well as the general characteristics of 
trees. Numerous plates showing the leaf, 
twig, flower, fruit, and bark of many 
species, as well as distribution and tone 
maps, descriptions of botanical and silvi- 
cal characters, check lists of species by 
states, and extensive keys, give an indica- 
tion of the comprehensiveness of the work. 
The inclusion of all native and naturalized 
trees of the Rocky Mountain region num- 
bering some species representing 85 
genera and 40 families is also indicative 
of the vast field covered. 

A useful glossary, a selected bibliog- 
raphy, and a complete index conclude the 
volume. 

* 

Plant Microtbchniqub. 

By Donald A, Johansen. McGraw-Hill 

Ihok Co.^ New York and London. $4.50. 

9 x 6; xi -f 513; 1940. 

The author states that **the main purpose 
of the book is to acquaint the user with 
the principles and procedures of all phases 
of botanical microtechnique." He suc- 
ceeds admirably in 500 pages in giving 
clear, concise directions for the most 
usable laboratory methods. The first 
section describes the standard techniques 
in detail; the second takes up each phylum 
separatelv and discusses the special meth- 
oos that have been developed for handling 
iu members. There is an extensive bibli- 
ography. The author has had experience 
in his own laboratory with the majority 
of the proc^ures given, and has muen 
that is pertinent to say on their applica- 
tions. He also includes a list of sources 
for living material as well as for apparatus 


and stains. The botanist of any degree 
will desire access to this book. 



Rubber Latex. 

By Henry P. Stevens and W. H. Stevens. 

Chemical Publishing Co.^ New York. $x.oo. 

X 5J; XX4; 1940. 

A study of rubber latex from its source 
to the various products in which it is 
utilized. The book contains much in- 
formation in concise form that should 
be quite valuable in the laboratories of 
manufacturers using latex in their prod- 
ucts, and who seek to further diversify 
its application. Data are given on the 
properties of latex and its composition, 
also methods of stabilization and manipu- 
lation. A chapter is devoted to the 
process of vulcanization, and ^subsequent 
chapters discuss various methods of using 
latex, and its application in the produc- 
tion of numerous articles. The book 
further records a long list of British pat- 
ents applving to its utilization and con- 
tains a Dibliography comprising books 
and journals that may be consmted for 
amplified investigation. 



The Home Book of Trees and Shrubs. . 
A Layman s Guide to the Design^ Plantings 
and Care of the Home Grounds^ with Informa- 
tion on Lawns^ Woodlands^ Flower Borders^ 
Garden Accessories and the Identification of 
Trees. 

By J. J. Levison. With an Introduction 
by Samuel J. Record. Simon and Schuster y 
New York. $5.00. lof x yf; xix + 
4x4; IQ40. 

This volume will fiind many enthusiastic 
readers among amateur gardeners. Spe- 
cially designed for the layman by a land- 
scape forester of wide experience, it gives 
the kind of advice most needed by those 
whose interest in trees and shruos falls 
necessarily outside that of the professional. 
It is a manual and practical guide, giving 
abundant information on wnat trees and 
shrubs to plant under difiFerent conditions 
and in diflerent locations, the propagation 
and care of these, control of insects and 
disease, the development and care of 
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lawns, flower borders, etc. The many 
beautiful illustrations offer numerous sug- 
gestions to the landscapist, and the list of 
suggested reading is helpful. There is a 
well-planned index. 

Hand-Book of Common Water and 
Marsh Plants of India and Burma, 
^36. Hialth Bulletin^ No, 24, Malaria 
Mreau^ No. ii. 

By K. Biswas and C. C. Calder. Manager 
of Publications^ Delhi. Rs. i. ii or 
5s. ^ X 6J; xiii + 140 + 6 photo- 
graphs + 31 plates; 19^7. 

In order to facilitate the study of the 
distribution and life history of the para- 
site-carrying mosquitoes by the ofticers 
of the Malaria Survey of India this study 
of the vegetation and plant associations 
of tanks, ponds, marshes, etc. has been 
made. The material is in the form of a 
handy volume, with a minimum of tech- 
nical terms, and the keys are so arranged 
that the principal distinguishing char- 
acters come first to notice. A glossary, 
an index, photographic illustrations, and 
many line drawings (with detailed ex- 
planations) help to make this an extremely 
useful book for its intended purpose. 



Manual of Cultivated Trees and 
Shrubs Hardy in North America: Exclusive 
of the Subtropical and Warmer Temperate 
Regions. Second Edition Revised and En- 
larged. 

By Alfred Rehder. The Macmillan Com- 
pany^ New York. $10.50. Sj x 5J; 

XXX + 996; 1940. 

Since the nrst appearance of this useful 
reference book thirteen years ago (cf. 
Q.R.B., Vol. 1, No. 4) many new sjpecies 
and varieties have b^ introduced into 
cultivation, new hybrids have appeared, 
and changes in nomenclature have been 
made. The present edition has been 
thoroughly revised and enlarged . In some 
instances the whole genus has been re- 
written. There haveoeen some changes 
made in the aones of hardiness for plants 
and a new enlarged map of the zones 
provided. An invaluable guide to the 
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horticulturalist and all those interested in 
trees and shrubs. 



Microbes by the Million. 

By Hugh Nicol. Penguin Books ^ Ltd.^ 
Harmonds worthy Middlesex^ England. 6d. 
7 X 4I; L47 + 8 plates; 1939 (paper). 

Imagine that you are one of a part^ of twenty, and 
that you are being addressed ... in the style I use 
for the more intelligent parties of visitors who come 
to Rothamsted [Experimental Station] and ^ad a 
quarter of an hour or so in the Bacteriology Depart- 
ment during their tour. . . . 

This little volume takes the lajrman on 
an excursion, and presents him with 
directions for experiments with bacteria 
(harmless ones), which can be tried at 
home. 



Basic Course in Botany. The Founda- 
tions of Plant Science. 

By Raymond J. Pool. Ginn and Co.y 
^stony New York and Chicago. $3.75. 
9 X 6; V + 654; 1940. 

The material in this text is treated from 
the broad biological point of view. 
Wherever possible the subject matter is 
shown in its relation to agriculture, public 
health, soil conservation, land manage- 
ment, etc. Text figures (541), a lengthy 
glossary, and detailed index complete 
the volume. An excellent text for a 
well-rounded course in botany. 

* 

Fix>ral Morpholooy: A N»ti> Outlook 
with sf octal rtftnnct to the Interpretation 
of the Gynaeceum. Volume One. 

By E. R. Saunders. Chemical Publishing 
Co., New York. $1.50. 7i x 4!; viii -|- 
131; 1940. 

An American edition of a work that 
appeared in England in 1937 (cf. Q.R.B. , 
Vol. 13, p. 107). Emphasis is laid on the 
necessity for supplementing observation 
of external features by a study of the 
vascular ground plan. Vol. II, which 
completes the work begun by Vol. I, 
has now been issued. 
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MORPHOLOGY 

SCBNBLLMBTHODBN DBB KbRN- UND ChBO- 
M080MBNUNTBRSUCHUNO. 

By Lothar Geifler, V^rlag von Gohruder 

Bomtraegor^ Berlin. RM i. 50. 8| X 5J; 

iv + x?; 1940 (paper)- 

The writer at the beginning of this 
monograph points out the difficulties and 
time consumption attending the older 
methods of fixation and staining of bio- 
logical material. The techniques which 
he treats may be separated into two 
groups: the aceto-carmine group and the 
osmicocid group. Carmine dissolved in 
acetic acid colors intensely the chromatin 
of the resting nucleus and the chromo- 
somes. The acetic acid acts as a fixative 
and for this reason the stain is used 
simultaneously for fixation and coloring. 
The stain is prepared by mixing 45 parts 
of acetic acid (^conc.) with 53 parts of 
water (dist.) and to this is added approxi- 
mately 5 grains of carmine. The solution 
is weakly heated for ^ to 1 hour. After 
cooling the solution is filtered. The 
dye may be modified by using x to 3 parts 
of alconol (abs.) and i part of acetic acid 
(cone.). In the use or osmic acid as a 
fixative in connection with the smear 
procedure a x per cent solution of osmic 
acid is used. The addition of one drop 
of a I per cent chromic acid solution is 
held to improve the osmic acid solution. 

Several modifications and procedures 
for the use of the foregoing preparations 
are given. The work contains several 
iUustrations. 


Growth: A Journal for Studies of Develops 
mens and Disease. Supplement. First Sym- 
positm on Development and Growth. 

The Editors of Growth^ Dairy Building. 
Cornell University^ Ithaca^ N. Y. Su^ 
scription $5.00 per volume annually 
(outside U. S. and Canada, $5.30). 
Single numbers $x.oo. 9! x 6); iii; 
1939 (paper). 

These proceedings of the first symposium 
of the Society for Development and Growth 
aim at the integration of knowledge from 
several branches of biology toward the 
solution of this problem, ^e growth of 
tissues in cultures has shed light on cell 


division, morphogenesis, and differentia- 
tion, as described in a contribution by 
Warren Lewis. Other articles discuss 
the chemical factors in growth and devel- 
opment, while several geneticists show 
the status of genes as evocators of de- 
velopmental processes. Another method 
of attack is presented by Oscar Schottf 
in his lucid account of studies on regenera- 
tion of tissues. Finally the evidence 
from differentiation of higher plants is 
described by Edmund Sinnott. t^rtainlv 
such synthesis of knowledge in the attack 
on biological problems cannot fail in the 
long run to produce valuable results. 


Origin and Dbvblopmbnt 'of thb Lym- 
phatic System in the Opossum QDidelphys 
marsupialis L. var. virginiana Kerr). 

By Arnold A. Zimmermann. University 

of Illinois Press ^ Urbana. $x.30 (paper); 

$3.00 (cloth). loj X 7J; 197; 1^40. 

This detailed study on the origin and 
development of the lymphatic system in 
the opossum refutes the Sabin theory on 
lympnatic genesis (direct centrifugal out- 
growth from the venous endothelium) 
and confirms the mesenchymal origin of 
the lymphatic system and its genetic 
indepradence of the venous system. In 
addition, new evidence is offered for the 
refutation of the theory on the venous 
origin of the jugular lymph sacs. The 
author utilizea the following material: 
(i) an extensive Wistar Institute collec- 
tion of sectioned series of opossum em- 
bryos ranging from the 8-somite medullary 
plate stage to birth; (x) sectioned series 
(Wistar) of two post-natal stages; (jJ) 
^uch-young taken directly from a breed- 
ing colony (wistar); and (4) older pouch- 
^ung from biological supply houses. 
There are many graphic reconstructions, 
photomicrographs, section drawings, pho- 
tographs, camera lucida drawings, and 
anatomical sketches. A bibliography is 
appended. 


* 


Thb Mechanism of the Human Voicb. 

By Robert Curry. Foreword by Douglas 
Guthrie. Longynans^ Green and Co.^ New 
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Y^rk and Toronto. $3.00. 8 x 5!; ix + 
105; 1940. 

The studies of speech and hearing possess 
so many facets that few people nave a 
knowledge sufficiently comprehensive to 
integrate them. The present book is an 
attempt to bring together the great body 
of literature dealing with the anatomy, 
physiology, and acoustics of voice. It is 
obvious from the length of the volume 
that a considerable portion of the avail- 
able information has been omitted. Rec- 
ognizing this limitation, the author has 
made an effort to present the more im- 
portant aspects and to amplify those 
which are least adequately treated. In 
addition to detailed accounts of the struc- 
ture and action of the vocal mechanism, 
he reviews the experimental methods and 
results of speech analysis. Further chap- 
ters deal with hearing, speech disorders, 
and the singing voice. Tne book will be 
valuable to scientists and teachers whose 
work concerns the human voice, especially 
in view of the extensive bibliography 
which it contains. 



Elementary Microtechnique. Second 
Edition. 

By H. Alan Peacock. Edward Arnold 
and Co.j London; Longmans ^ Green and 
Co.y New York. $1.40. yi x 4^; viii + 
330; 1940. 

The value of a book of methods and for- 
mulae inexpensive enough to be within 
the reach of students is evident in the 
publication of the second edition of this 
volume. (For review of the first edition,, 
see Q.R.B., II, page 107). The material, 
including concise discussions of cellular 
and protoplasmic structure, the principles 
underlying the use of laboratory instru- 
ments, the preparations and uses of stains 
and media, and even the collection and 
preservation of living material for study, 
has been rearranged into a form which 
the author feels to be more usable. The 
organization is such that details are 
easily located. Although the book is 
intended especially as a text for the be- 

S inner, the advanced student will find it a 
andy working reference. 


The Pineal Organ: The Comparative Anat- 
omy of Median and Lateral Eyes^ with special 
reference to the Origin of the Pineal ^dy; 
and a description of the Human Pineal Organ 
considered from the Clinical and Surgical 
Standpoints. 

Ptginald J. Gladstone and Cecil P. G. 
Wakefey. The Williams & Wilkins Co.^ 
Baltimore. $10.00. 9f x 6§; xvi + 
5 l8; 1940. 

This book is the outcome of a desire to 
study the pineal body from the broad 
standpoint of comparative anatomy, and 
to correlate as far as possible the struc- 
tural appearance and connections of the 
mammalian epiphysis with the conflicting 
views which are held with regard to its 
origin and functions. The authors hope 
that the book will be of interest to readers 
outside as well as within the medical 
profession and that it will stimulate the 
study of other organs and systems of the 
human body from the standpoint of 
comparative anatomy, in addition to the 

E ely practical aspect. Special care has 
n taken in selecting and making the 
numerous illustrations, each of which has 
an independent explanatory legend. A 
glossary, bibliography, and an unusually 
complete index are valuable adjuncts 
to the book. 


The Comparative Anatomy of the Mam- 
mary Glands. With special reference to 
the udder of cattle. 

By Charles W. Turner. University Co- 
operative Store ^ Columbia y Missouri . $3.50. 

II X 8; [6] + 377 + 54 plates; 1939 

ThlSx sections of this manual (an out- 
growth of a mimeographed publication in 
1933) are as follows: The gross anaton^ 
of the mammary glands of cattle (6 
chapters); Microscopic anatomy of the 
udder of cattle (4 chapters); The com- 
parative anatomy of the mammary gland 
(5 chapters; Monotremata through the 
Rodentia); Anatomy of the mammary 
glands of the hoofed mammals (6 cha{^ 
ters; swine, goat, sheep, horse, elephant, 
certain marine mammas); The anatomy 
of the mammary (glands of the Primates 
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chapters; lemurs, monkeys, apes, and 
man). 

The sections contain tabular matter, 
illustrations, and bibliographies and ref- 
erences for further stuOT. The volume 
is published by the offwt process and 
spiral bound. It contains 54 full page 
plates and is indexed. 

Bundy’s Anatomy and Physiology. Stih 
mtb Edition, 

Ktvisid and Edited by S, Dana Weeder, 

The Bldkiston Co,^ Philadelphia, $1.75. 

9 X 6; ix + 4^; 1940. 

The fact chat this work has gone through 
seven editions sufficiently attests to its 
acceptance by the teaching profession. 
It is a clear, concise treatise dealing with 
the salient points of human anatomy and 
physiology. Members of the nursing 
profession will find the book especially 
nelttful. The author has inserted surgical 
ancf clinical notes which are correlated 
with the subject matter of the text. The 
many tables and illustrations also add 
muen to the text proper. 

* 

L’Anatomia Comparata nbl Quadro 

DBLLA BlOLOOlA MoDBRNA. 

By Mario F, Canella, Nicola Zanichelli 

Editore^ Bologna, L. 10. 9 x 5I; xiii + 

57; 1937 (paper)- 

The author begins with the statement 
that since the beginning of the present 
century the study of descriptive and com- 
parative anatomy has fallen into discredit, 
as a biological science, at least in Italy, 
France, and Germany. The brochure has 
been prepared in an attempt to rectify 
this state of affairs, as the author believes 
that comparative anatomy is, and should 
be considered, a fundamental part of the 
biological sciences. His arg^ents are 
based on the rfile that a knowledge of 
comparative anatomy and its techniques 
play in morphology and physiology. 
Bibliographical annoutions are given. 


A Tbxtbook of Histolooy. Eigjtth Edi- 
tion, 

By Harvey E, Jordan, D, Appleton- 

Omtury Co,^ New York and London, 

$7.00. ^ X 6i; ix + 690; 1940. 

This excellent text has become well 
known since its first wpearance in 1916. 
The present edition (eth edition noticed 
in Q.R.B., Vol. 6, p. 141) has been thor- 
oughly revised, and the chapter on blood 
has b^ completely rewritten. The chap- 
ters on technique and laboratory work 
have been omitted, since the author feels 
that most teachers now prefer to write 
their own working directions. The bibli- 
ography has bcen^reassembled to include 
all of the more important publications 
of recent years. 



Rbproduction among Mammals. A 
Guide for Use' with the Instructional Sound 
Film *'Ke^duction among Mammals, 
Prepared by Melvin Brodshaug and Fred- 
eric T, Howard^ in collaboration with 
Herluf H, Strandskov, University of Chi- 
cago Press^ Chicago, 15 cents. 7I x 5}; 
iv + 16; 1940 (paper). 

This xfi-page pamphlet contains the script 
of the Erpi instructional sound film of tne 
same title, with a few introductory notes 
and a bibliography. Several diagrams 
from the film are included with the text. 
The language is simple, and the story 
concise and complete. The film is one of 
those used in the large freshman survey 
courses at the University of Chicago. 



physiolcXjY and PATHOLCXJY 

Thb Englishman’s Food. A History of 
Five Centuries of English Diet, 

By J, C, Drummond and Anne Wilbraham, 
Jonathan Cape^ London, iis. 6d. net. 
8} X si; 574 + 16 plates; 1939. 

An extraoimnarilv interesting book that 
both the general reader and the food 
expert will enjoy. The authors (senior 
author. Professor of Bio-Chemistry in 
University Collet) have quite sensibly 
allowed the teclmical treatment dl w 
subject to be overshadowed by the his- 
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torical. Yet the historical is made all the 
more interesting by being interpreted by 
specialists. From many different angles 
tne changing character of the English 
diet during the past five centuries is dis- 
cussed. It is the bearing which the social 
and economic conditions have had upon 
these changes — indeed, the interrelation- 
ships of many different factors — that 
makes this a fascinating book. 

Meat, game, and fish formed the main 
fare in the early days. Since keeping 
live stock through the winter months 
was little understood, all but the young 
and vigorous were slaughtered and dried 
or pickled for winter consumption. The 
pigeon-loft furnished fresh meat for the 
well-to-do; and, of course, game was 
procurable. As early as the i3tn and 14th 
centuries regulations were formulated 
prohibiting the cookshops from selling 
to the poorer classes pies made from 
tainted meat. Spices were used by all 
classes either to disguise the strona flavor 
of meat, or to pep up its insipid taste. 
Fish, mostly salted and not always when 
it was exactly fresh, was abundant. Oys- 
ters in 1491, were sold for 4 d. a bushel. 
There are few references to vegetables and 
fruits in the literature. Cabbage was only 
used in soups; salads of onions and herbs 
were popular. Vegetables were supposed 
to engender wind and melancholy. But- 
ter, by the upper classes was thought only 
fit to be used in cooking; the poorer 
classes used it more widely. All classes 
used a great deal of cheese. 

The authors quote freely from the litera- 
ture throughout the five-century period 
— ^from Arthur Young, Pepys, Defoe, 
Parson Woodforde, Smollett, Burton, An- 
dr6 Simon, John Grove, and many others. 
Among the many topics discussed are 
changes in physical conditions of the 
different classes, changing medical views, 
scurvy, food adulteration, hospital, prison 
and workhouse diets, food distribution, 
and finally the great changes in dietetics 
which have been gradually taking place 
since the turn of the last century. Mat- 
tered throughout the book are illustra- 
tions reproduced from different sources. 
We particularly like the r^oduction of 
the frontispiece from Tii Family Orach of 


Health (opposite page ^96) where Dr. 
Kitchiner is about to oe arrested “for 
eating live oysters and thereby contraven- 
ing Martin's Bill for the Prevention of 
Cruelty to Animals.** 

Accepted Foods and Their Nutritional 
Significance, Containini Descriptions of the 
Products Which Stand Accepted by the Council 
on Foods of the American Medical Association 
on Septemoer i, ip^p. 

Council on Foods of the American Medical 

Association^ Chicago, $i.oo. 8| x 5!; 

XX + 491; 1939. 

The question of the nutritional value of 
foods is deservedly occupying the atten- 
tion of those qualified to express an opin- 
ion upon it, and this book is a compila- 
tion of results attained by the Council on 
Foods, working under the sponsorship 
of the American Medical Association. 
The Council has done excellent work in 
assembling information on the formulae, 
vitamin content, chemical analysis, cal- 
ories, and methods of assembly and 
treatment of the various food products 
offered to the public by a goodly number 
of manufacturers and distributors. It 
also passes judgment on the nutritional 
and health claims set forth in the adver- 
tising matter that is used to further the 
sale of different foods. Those organiza- 
tions, whose products and advertising 
matter have been passed as satisfactory, 
arc allowed to use the “Seal of Accept- 
ance’* as an evidence that their products 
and advertising matter meet the require- 
ments of the Council. The book contains 
the names of numerous manufacturers and 
business houses who have applied for 
approval of their wares and have had them 
accepted, but it is noticeable that there 
are a large number of well-known high 

g ade articles that have pr^umably not 
en presented to the Council for accept- 
ance, and one wonders whether the use 
of the Seal of Acceptance on advertuing 
matter might gradually create a condition 
of public mind that would be unfair to 
companies or individuals who have not 
presented their products for approval, 
and who might determine, for reasons 
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satisfactory to themselves, not to ask for 
this approval. While the immense 
amount of ivork done by the Council on 
Foods is appreciated at its true value, 
it would seem to have been wiser to have 
examined and passed on all manufactured 
and assembled food ^oducts, rather than 
to leave it to individuals to apply to the 
Council for its approval. As the^ pro- 
cedure stands now, in less responsible 
hands it might conceivably be called a 
racket. 



Dynamics of Inflammation. An Inquiry 
into tho Mtchanism of Infectious Processes, 

By Valy Menkin, The Macmillan Co.^ 

New York. $4.50. 8^ x 5f ; xii + 144; 

1940. 

The author has recorded and considered 
in the light of his own experience observa- 
tions pertaining to *‘the disturbed physi- 
ological and biochemical equilibria occur- 
ring in an area of acute injury.’* The 
outstanding phases of inflammation, in 
order of development, are: (a) increased 
fluid passage through the capillary endo- 
thelial wall, which seems to have two 
primary factors, elevation in capillary 
pressure and increased capillary perme- 
ability; (b) localization or fixation of the 
irritant, that is, walling-off of the in- 
flamed area; and (c) migration of leu- 
cocytes. The relations between the 
physical basis of infectious processes 
and immunity in the organism as a whole 
have led to the formulation of a dynamic 
concept of inflammation. Leukotaxine, a 
crystalline nitrogenous substance released 
by injured tissue, apparently is concerned 
with both the migration of leucocytes 
and the increased capilla^ permeability. 
In turn the number and kind of leucocytes 
which are present influence the rate of 
metabolism and the hydrogen-ion con- 
centration of the inflamed area. Thus a 
highly complex mechanism which tends 
to localize and dispose of a bacterial or 
chemical irritant is put into action when 
inflammation sets in. This concept gives 
a rational interpretation to the n&le of 
inflammation in immunity. 

The author indicates several general 


lines for further study. Much more work, 
particularly of a quantitative sort, is 
certainly needed to clarify the interrela- 
tionship of the many factors involved 
in inflammation. 

* 

Living Light. 

By E. Newton Harvey, Princeton Univer- 
sity Press^ Princeton, $4.00. 9x6; 

XV -f 318; 1940. 

To the unspecialized devotee of natural 
science perhaps the most mysterious 
phenomenon of nature is that of lumi- 
nescence. The flashing of fire-flies on a 
summer evening over a cultivated lawn, 
or the display of Medusae a month later 
in the ocean, is a familiar sight, yet 
familiarity in this instance oocs not 
breed contempt. When mankind needs 
artificial light he obtains it from the 
combustion of material — a wasteful 

f >rocess, but necessary to one who has not 
earned the secret of luminescence — the 
production of light without heat. 

The greater complexity of living light 
makes essential a certain amount of 
knowledge of other forms of luminescence 
and illumination. A great part of the 
book is devoted to the experiments of the 
physicists and chemists of earlier days, 
such as Boyle, Lavoisier, and Newton. 
The entire animal and plant kingdoms 
are then reviewed, as well as experiments 
upon them, the bibliography of which 
covers twenty-nine pages with about 
twenty entries on each page. Organic 
light is then discussed as to its physics, 
chemistry, physiology, intensity, effi- 
ciency, and color. An idea of the com- 
pleteness of this discussion may be gained 
trom the fact that the mysterious N-rays, 
that caused a furore a generation ago, are 
included . These mythical radiations have 
no existence whatever; Harvey generously 
attributes them to an error in technique 
of the investigator who announced them 
prematurely. (But when this announce- 
ment was made there were many who 
believed that a deliberate fraud had be^n 
perpetrated.) 

There are seventeen pages of index, and 
many excellent illustrations, both photo- 
graphs and drawings. 
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Physique and Nutrition. A Study of 
European School Childrm in Pntoria^ Union of 
South Africa. South African Council for 
Educational and Social Research Series No. i$. 
By Harding Le Riche. South African 
Council for Educational and Social Re^ 
search^ Pretoria. (Copies Obtainable 
from J. L. Schaik, Pretoria). 8^x5!; 
vi + 158; 19^ (paper). 

This monograph contains, besides a dis- 
cussion of metnods of studying the nutri- 
tional status of a population, the report 
of an investigation on the frequency of 
malnutrition in Pretoria (Transvaal) white 
school children and of an inquiry into 
the food consumption of a sample of poor 
families. The author recognises that the 
clinical evaluation of malnutrition by 
visual inspection can be unreliable and 
prefers to use the more objective A.C.H. 
index. On the basis of this he finds that 
between poor and well-to-do children the 
differences in frequency of malnutrition 
are not conclusive, that more boys than 
girls are malnourished, and that the occur- 
rence of malnutrition increases with age. 
The author’s implicit faith in the A.C.H. 
index is rather surprising since the postu- 
lated relationship of this index to nutri- 
tional status is not yet accepted. Fur- 
thermore, from the author s data it 
appears that, as many others have shown, 
the well-to-do children are on the average 
larger than the poorer children. An 
examination of the food consumption of 
poor families reveals below average in- 
take of all the principal food elements. 
Although the findings reported here are 
interesting for comparative purposes their 
evaluation contributes little to the general 
problem of physique and nutrition. 

Health is Wealth. 

By Paul de Kruif. Harcourt^ Brace and 
Co., New York. $x.oo. 8 x 5!; ix + 
z^ 6 ; 1940. 

Durmg a conversation on public health 
problems between the author and a group 
of physician friends one evening in 1934, 
they arrived at the realization that an 
ounce of prevention being worth a pound 
of cure to the community could actually 
be expressed in moneta^ terms. With 


admirable faith and ardor they set about 
to inform the general public of this fact 
and consequently to formulate a health 
program of national scope. The main 
features of this program which apparently 
won the approval of conservative mem- 
bers of the American Medical Association 
as well as that of the Surgeon General are: 
(i) that under the supervision of the U. S. 
Public Health Service federal aid should 
be granted to the states for the care of 
the “medically** indigent; and (i) that 
once having satisfied certain minimum 
requirements, the states should be free 
in the matter of administration of the 
funds received. Having succeeded in for- 
mulatiim this “non-controversial** pro- 
gram after five years of labor it remained 
only to receive the presidential blessing 
ana support. In December, 1Q39, the 
president consented to receive de Kruif, 
as spokesman for the group, and to listen 
to nis proposal. Strangely enough, it 
turned out that notwithstanding his 
apparent solicitousness for national wel- 
fare Mr. Roosevelt was not interested. 
So the hopes of the author and his co- 
workers were shattered. This account 
of the gradual evolution and crystalliza- 
tion of the idea and its popularization 
through the medium of the author* s arti- 
cles is written with the usual verve that 
characterizes de ICruif*s works. 



Blood Groups. Reprinted from Tabulae 
Biologicae, Volumen 17, Pars 2. 

By William C. Boyd. W. Junk, den 

Haag. 9t x 7; 138 -f- 1 folding plates; 

1939 (paper). 

*rhe basic facts about blood groups are 
here presented insofar as possible in 
tabular form with a minimal amount of 
text. The first half of the material 
contains data on the determination of 
blood groups and on the medico-legal 
and therapeutic significance of such deter- 
minations. Information concerning the 
chemical and serological nature of the 
human blood agglutinogens and their 
relations to those of other species, as well 
as data on the problem of inheritance of 
blood groups in man, is presented. *rhe 
second or anthropological section consists 
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of tables giving the results obtained by 
many workers from studies on the fre- 
quency of the blood grou^ and the blood 
^pes in various countries^ and ethnic 
groups throughout the world. Maps 
showing the geographical variations in 
the frequencies of the blood-^oup genes, 
as calculated according to the Bernstein 
theory from the available data, are in- 
cluded. An enormous quantity of perti- 
nent information has here been condensed 
into a relatively small space. The bibli- 
ography is comprehensive. 



Epidemiology in Country Practice. 

By William N. Pickles, With preface 
by M^or Greenwood, Williams ^ Wil- 
kins Cs., Baltimore, $1.50. 8^ x 5^; 
viii + iio; 1939. 

The complexity of urban life makes it 
almost impossible to trace an epidemic 
to its source, while the comparative 
simplicity of life in rural communities 
increases the likelihood of finding not 
only the most recent contacts but the 
original source of infection as well. The 
opportunity for the study of infectious 
diseases in rural areas is well presented 
in this book. The author is an English 
countiy doctor who has published a num- 
ber ot papers on epidemiology. What 
he has done shows what could be gained 
by encouraging similar efforts among 
doctors in the less densely populated 
re^ons. 

The author points out that, judging 
from his own experience, epidemiological 
records collected from many rural practi- 
tioners might noticeably modify our ideas 
on incubation time and duration of in- 
fect! vity. His studies suggest a program 
of research that requires neither a big 
hospital nor a laboratory. The usefulness 
of such collections of records is easily 
apparent, 

* 

Annual Rbvpiw op Physiology. Vol- 
nme 11 . 

Edited by James Af. Luck and Victor E. 
Hall. Annual Reviews^ Inc.^'^Stanford 


University P, 0 ., Calif. $5.00. 8} x 6; 
vii 301; 1940. 

Those of us who find that the best way 
of keeping in touch with current litera- 
ture is to make use of review journals, at 
least for fields other than our own research 
^cialties, will welcome the Annual 
Review of Physiology, Continuing the good 
work done in the first volume (19^9), the 
editorial committee has again Drought 
together a number of authoritative articles 
on some of the more actively investigated 
phases of physiology. Typical articles 
are those on the Lymphatic system, the 
Central nervous system, the Pharmacology 
of barbiturates, and Exercise. All of the 
articles are fine examples of critical survey. 
To review each paper separately would oe 
impossible here. It must suffice to say 
that each is a well-rounded account of the 
subject which it discusses. The list of 
references given at the end of each paper is 
invaluable to amrone who wishes to pur- 
sue the subject further. There is also an 
author and a subject index for the volume. 



Morphine Addiction in Chimpanzees. 
Comparative Psychology Monographs, Vol- 
ume I/, Number 7. Series No, 7p. 

By S, D, S, Spragg, The Johns Hopkins 

Press^ Baltimore. ^1.75. 10 x 6f; 131; 

19^ (paper). 

In this monograph are published the 
results of an investigation on the nature 
of morphine addiction in chimpanzees, 
a species of the anthropoid apes chosen for 
their close resemblance in behavioral 
capacities to man, and high degree of 
ii^telligent cooperation in experimental 
procedures. The results of tne experi- 
ments on morphinism in chimpanzees 
were compared to functional changes 
reported in clinical data on morphinism 
in man. The experiments were carried 
out on four young chimpanzees (3 males 
and 1 female) wim dosage periods differ- 
ing for each animal — 13 months, 7 
months, 4 months, and 6 weeks. During 
the period of drug administration phys? 
ological and behavioral functions in pre- 
dosage, post-dosage, and ** withdrawal" 
periods were studied, and these results 
compared with the normal functions in 
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pre*morphine studios on the same four 
lofirahuman organisms. This type of in- 
vestigation is ot great practical importance 
in the study of drug addiction in man. 
Tables, graphs, photographs, and refer- 
ences are included. 



The Health of the Chinese in an Ameri- 
can City. San Francisco, 

By J, C, Geiger^ Emmett E, Sappiniton^ 
Roslyn C, Miller^ and Hilda JF. Welke, 
Department of Public Healthy San Fran- 
cisco. 8J X 5J; xo; 1939 (^aper). 

This study of the health of the Chinese 
population of San Francisco is interesting 
from both the medical and biologic^u 
standpoint. The general history shown 
indicates a decidedly bad housing situ- 
ation, and this, with a probable inclina- 
tion to resist medical attention and advice, 
has in the past resulted in unfavorable 
differences l^tween the Chinese health 
records and that of the general population. 
However, over a ten^ear period (191^ 
1938) we find the Chinese death rate 
sinking below that of the general popu- 
lation, and a remarkable decrease in infant 
mortali^, due partly no doubt to educa- 
tion of (Chinese mothers in modem meth- 
ods of caring for infants. The numerous 
statistical tables presented and the studies 
of the effect of environment and national 
characteristics, which furnish data as to 
Chinese susceptibility or resistance to 
various diseases, will be of value to 
biologists engaged in studies along these 
lines. 

Modern Diabetic Care: Including Instruc- 
tions in tie Diet and the Use of the Old and 
New Insulins, 

By Herbert Pollack, Harcourt^ Brace and 
Co,^ New York, $x.oo. 8 x 5I; viii -f 
114 + 4 plates; 1940. 

It is rather obvious that in the care and 
treatment of diabetes mellitus some accu- 
mulation of knowledge, by the affected 
individual, of the causes leading to this 
disease and a clearer understanding of his 
tdivsical reactions to its effects, would 
nelp considerably in its control, especially 


when aided by the observations and advice 
of an intelligent physician. This work 
is eminently fitted to furnish the diabetic 
layman with the requisite information, 
and is couched in language easily under- 
stood. The book treats of the causes of 
diabetes and the most advanced methods 
of its treatment, and also furnishes a ve^ 
complete study of diabetic dietetics, in 
which part Marie V. Kraus is co-author. 
Physicians can undoubtedly use this publi- 
cation to advantage and biologists will 
find information which will possibly be 
^eful in some fields of research — probably 
in the study of heredity, where in many 
instances the question is as yet an open one. 



Dermatologic Therapy in General 
Practice. 

By Marion B. Sulzberger and Jack Wolf. 

The Year Book Publishers^ Chicago, $4. 50. 

8x5^; 680; 1940. 

This exhaustive text embodies a clearly- 
written, easily-understood, and precise 
treatise in which are detailed only those 
elements of the management of the “com- 
moner" skin diseases and syphilis which 
will prove tactical and usaul to every 
physician, ihc objective of the book, 
therefore, is to describe as fully and com- 
pletely as possible those procedures and 
medicaments which every physician can 
promptly apply. The authors are to be 
commended especially on their judicious 
selection of topics. This compact * * work- 
bench" of dermatology puts tne necessary 
tools in the physician's hands and tells 
him exactly how to use them to best 
advantage. Points of special value to 
note are: 166 tried and proved prescrip- 
tions, group photographs to simplify 
differential diagnosis, step-by-step direc- 
tions, immediately usable techniques, and 
time-saving tables and summaries. The 
volume is indexed and plentifully supplied 
with illustrations and lists of further 
references. 

A College Textbook of Hygiene. Third 
Edition. 

By Dean Franklin Smiley and Adrian G. 
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Gould. Tbo Muemilkm Co., Now York. 
$x.5o. 8f X 3f; xiii + 539; 1^. 

The earlier editions of thu widely-osed 
textbook were reviewed in Vol. 3, p. 590, 
and in Vol. 10, p. X39. Although the 
student will still md the subject matter 
classified under thirteen section headings 
mostly based upon the various systems of 
the hoAy, he will note that in this edition 
for the fint time many of the community 
health problems are discussed in direct 
association with the pmentation of the 
personal hygiene material. Outstanding 
changes in the pmonal hygiene subj^t 
matter include a discussion of pneumonia, 
a new chapter on air conditioning and 
ventilation, a discussion of appendicitis, 
and a new chapter on the use of medical 
services. Bibliographies and references 
are appended to each chapter. In the 
appendix the prone pressure method of 
artificial respiration is given in detail. A 
glossary of technical terms and an index 
complete the book. 


Medicaments AntianEmiqubs bt AnEmibs 
ExpErimbntalbs. 

ffy Jean CbeymL Preface by Rent 

Masson es Cie^ Paris, 30 cents. 

8 X 5J; [4] + 101; 1940 (paper). 
Despite the fact that anemias ate among 
the oldest recognized ailments of mankind, 
it is only within recent years that any 
Ingress has been made in their treatment. 
The multitude of factors which ate in- 
volved make these afflictions particularly 
difficult to study. In this as in other 
diseases, one of the most fruitful and 
promising methods of attack is by oxpm- 
mentation on lower animals and applica- 
tion of the results, as far as possible, to 
man. The initial section or this book 
discusses mainly the experiments of Whip- 
ple, Castle, Minot, and Morphy on the 
treatment of pernicious anemias by various 
extracts. The remaining pages describe 
the experimental introducuon of anemias 
in laboratory animals and the testing of 
antianemic medication in these diseased 
forms. This small volume is an excdlent 
compendium of the patient research which 
thus far has met witn only partial success. 


but holds promise for the future. There 
is a bibliography of 148 titles. 

Thb Story of Dbntxstry: from the Dawn 
of Civilisation to the Present, 

By M, D, K, Bremner. Dental Items of 

Interest Publishing Co,^ Brooklyn^ N. Y,; 

Henry Kimpton's Medical House^ London. 

$3.75. 9i X xix -H xh; 1939. 

In presenting this unpretentious volume 
the author makes no claims of originality, 
but he has obviously accomplished much 
in compiling this first **complete-in-one- 
volume^* history of dentistry from pre- 
historic times to the present. This is the 
first time, also, that dental, history has 
been treated in its relationship to the 
social and cultural environment. The 
book is written for the rank and file and 
not for the chosen few. However, al- 
though the story is told in lighter vein, 
there has been no deviation from the 
facts as found in the original sources. 
The single, nontechnical style of The 
Story of Dentistry recommends it to every 
intelligent reader who will find much of 
interest and value between its covers. 
Hie volume is supplied with a complete 
index and is illustrated with photographs 
and brief biographical sketches of out- 
standing leaders of the dental profession 
through the years. 


* 

Thb Fundamentals of Personal Hy- 
ozbnb: Including Their Practical Application 
to Healthful Living. Third Edition^ Hs- 
vised. 

By Walter W. Krueger. W. B. Saunders 

Cs., Philadelphia and London. $1.73. 

7 l X, 5i; xiv -h 304; i^. 

In this Kvision, the subject nutter has 
been brought abreast of the advancing 
field of hygiene and altered in other re- 
spects to mcrease its value. Additions 
and changes have been made on such 
subjects as the feet, posture, care of the 
skin, nutritional needs and hygiene, 
venereal diseases, health fads, the common 
cold, and tuberculosis. Some otr the 
illustrations have been replaced by new 
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ones and their total number has been 
increased. Especially helpful and timely 
is the excellent chapter on mental health. 

Diabbtbs Mblutus and thb Jewish Race. 

By Ernst Lyon. Ludwig Maytr^ Jem- 

Salem. Sf x si; 31; (paper). 

The question as to whether the Jews are 
more susceptible to diabetes than other 
races is here presented in an interesting 
discussion of tne subject. The numerous 
statistical r^erences {Resented would seem 
to indicate that Jews, especially in the 
older age groups, do show a greater per- 
centage of diabetes than other races do, 
but whether it is a hereditary racial weak- 
ness or is due to possible environmental 
factors is not reasoned out to a definite 
end. It is quite evident that only> con- 
tinued biological study can eventually 
answer the question. A reading of this 
book will furnish some facts useful in 
further research on the subject. 



Bibliography of References to the 
Literature on the Minor Elements 
AND Their Relation to Plant and 
Animal Nutrition. First Supplement to 
the Third Edition. 

Originally compiled by L. G. Willis. 

Chilean Nitrate Educational Bureau^ New 

York. Free, ii x 8i; 81; 1940 ^aper). 
Botanical Index to the Third Edition 
of Bibuooraphy of References to the 
Literature on the Minor Elements and 
Their Relation to Plant and Animal 
Nutrition. 

Chilean Nitrate Educational Bureau^ New 

York. Free. 11x8}; 1940 (Mpw). 

Instead of complete editions of this im- 
rtant Bibliography (cf. third edition, 
R.B., Vol. 14, p. 491) being prepared 
as new material accumulates, it is the 
plan to issue, at approximately yearly 
intervals, supplements to the third ^tion 
which willybring the work up to date. 
To the indices, which are extremely use- 
ful, has been added a botanical index. 
In order that this index be complete a 
botanical index to the third edition has 
also been issued. 


Trait^ db la Transfusion Sanguine. 

Jtanneney and G. Ringenbacb. 

Masson et Cie^ Paris. $1.50. 10 x 6f ; 

[4] +• 386; 1940 (paper). 

Drawing from the literature and their 
own extensive experience, the authors 
have included: history of the administra- 
tion of blood transfusions from antiquity 
to the present time; indications and results; 
contra-indications; immuno- and cata- 
phylactic transfusions; choice of donor; 
anticoagulants; preservation of blood for 
transfusions at a later time; technique and 
apparatus; accidents during and alter the 
administration, their causes and treat- 
ment; modes of action and behavior of 
transfusion; organization of blood trans- 
fusion centers, including those of the 
battlefield; and special problems of tech- 
nique, medico-legal aspects, etc. The 
bioliograplw, arranged by subjects, covers 
19 pages. The book is illustrated. 



Malnutrition in South Africa. 

By Ellen M. Radloff and T. W. B. 
Osborn. The Witwatersrand University 
Press^ Johannesburg, is. loj x 9; [i] + 
iQ + 4 tables; 1939 (p^r). 

Although a few pages of this book are 
devoted to dietaiy deficiencies in South 
Africa, in the main it discusses malnutri- 
tion generally. In Africa, as in other 
parts of the world, the problem is not 
that the people fail to get a sufficient 
quantity of food, but the proper chemical 
and vitamin constituents are lacking. 
The first section of the book outlines the 
principal dietary essentials, following 
which is a comparison of several South 
African diets to what may be considered 
a normal allowance. A number of sug- 
gestions are ofiFered as to the methods by 
which malnutrition might be remedied. 



La SfiNBSCBNCB BT LB RaJBUNISSEMBNT. 
Traduction libre de Vallemand. 

By Paul Niebans, Viiot Frires^ Paris. 
8J X 6; 71; 1937 (paper). 

Only a third of this book treats the proces- 
ses of human senescence; the rest is devoted 
to an exposition of the various methods 
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for rejavenation propounded by VoronoflF, 
Stcinach, Slotopolsky, the present author, 
and others, and the advocation of the use 
of the different methods (hormone treat- 
ment, glandular transplants and grafts, 
ligation, etc.) according to the various 
indications. The author concludes with 
a plea that physicians concentrate their 
efforts as much toward combating the 
discomforts of old ^e as they do to 
combating disease. Ine work is a trans- 
lation from the German. It has no 
bibliography. 



BICXHEMISTRY 

Biochemistry of Disbasb. 

Bjf Mejif Bodansky and Oscar Bodansky, 

The Macmillan Co.^ New York, $8.00. 

9 i ? viii + 684; 1940. 

The increasingly important position of 
biochemistry in medicine makes this a 
book of exceptional interest to all who 
deal with man's ills. In many instances 
the difference between normal and path- 
ological conditions in the human body 
is very slight. Frequently an altered 
biochemical reaction is one of the earliest 
indications of disorder, and in almost every 
disease the biochemist's report is an im- 
portant part of the case history. In this 
Dook the authors have brought together 
the latest biochemical information on 
many diseases. The viewpoint is that of 
the clinician. Laboratory techniques are 
included only when the cooperation of 
the physician is necessary to complete the 
test. Practical applications of recent re- 
search are given in full. In order to make 
specific details more readily available to 
the busy medical man the material is 
divided mto sections on the various organs 
and organ systems, and on such general 
topics as disorders of nutrition, and metab- 
olism, and the biochemical aspects of 
neurologic and psychiatric disorders. 


Tiaurfi DB Chimib Oroaniqub. Tome VI. 
Glycols^ GlycMs et Alcools Polyvalents 
SmpMenrs^ Fhfnols e$ Polyphfnols^ Pbtnols* 
Akoohf Dtfivts Stdfmris^ Siltnets ou Tel* 
ImrU Carresfondani aeex Akools an aeex 


Phinolst Divelopfateurs Photo^aphiques Or* 
ymiques^ Industries des PhinoTs. 

By /. Amiel^ P. Baud^ R, Delaby^ G. 
Laude, P. Pascal^ Ch. Prhost^ A. Seye* 
wet^ and M. Tiffeneau, Published under 
the Direction of Victor Griinard^ G. Du* 
pont^ R, Locquin and Paul Baud. Masson 
et Cie, Paris. $8.i|5 (paper); $9.10 
(cloth). 9J X 6i; XIX + 1181; 1940. 
TRAixfi DE Chimib Oroaniqub. Tome IX. 
MonoacideSf Bthers*Sels^ Industries des Pro* 
duits Acitiques et des Produits Mithyliques. 
By J. Aboulenc^ J. Lichtenberger^ L B. 
Senderens and R. Truchet. Published under 
the Direction of Victor Grignard^ G. Du* 
pont^ R. Locquin and Paul Baud. Masson 
et Cie^ Paris. $6.2.5 (paper); $6.85 
(cloth). 9I X 6i; xix +821; IQ40. 
These are the sixth and ninth volumes oi 
an extensive set. The high standards 
which mark the preceding works reviewed 
in this journal have ^en maintained 
throughout the present pages. Each vol- 
ume is thorougmy indexed and contains 
complete bibliographies on the various 
subjects which are listed in the titles 
above. 



Annual Rbvibw of Biochemistry. Vol* 
ume IX. 

Edited by James M. Luck and James H. C. 

Smith. Annual Reviews^ Stanford Uni* 

versity P.O.^ Calif. $5 .00. 8} x 6; ix -1- 

744; 1940. 

In spite of the many difficulties under 
which the present volume has been 
prepared — ^foreign contributors working 
under adverse conditions, material lost 
or delayed in the mails, etc. — this volume 
maintains the high standard of its com- 
panions and presents many interesting 
sections. We always regret that the 
limited space available prohibits a de- 
tailed review. As usual, it is only pos- 
sible to list a few papers and we have 
selected for this occasion those of special 
interest to the graeral biologist:^' Plant 
pigments, by G. Mackinney; Aspects of 
inorganic metaboii^m in plants, by C. B. 
Lipman; Soil microbiology, by S. A. 
Waksman; Organic acids of plants, by 
H. B. Vickecy and G. W. Pucher; Bio- 
chemistry of the lower fungi, by H. 
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Raistrick; Insect biochemistry, by R. 
Craig and W. M. Hoskins; Amlication of 
radioactive indicators in biology, by 
G. Hevesy. 

The extent of the total documentation 
of the volume is indicated by the length 
of the author index. This covers 17^ 
pages, many of the names being followed 
by several page references. Tlie subject 
index covers x6 pages, and again, many 
subjects have more than one page reference. 



Die Mbthodbn dbr Fbrmbntforschuno. 
Luferung z. 

Edited by Eugen Bamann and Karl Myr~ 
back. Georg Thieme Verlag^ Leipzig- 
RM. 18. iix8;ix+ lyx; 19^ (paper). 
This is the first number of an important, 
comprehensive work on the enaymes, with 
an international list of contributors, which 
will ultimately comprise about 3,500 
pages. The present number treats the 
substrates (substrates of ester splitting 
enzymes and part of the material on the 
biologically important carbohydrates and 
glycosides). A bibliography of 6,000 
titles to the completed work is promised. 



University of Colorado Studies. Series 
D. Physical and Biol^ical Sciences^ Vol- 
ume I, Number z. A Group of Papers from 
the Department of Chemistry. 

University of Colorado^ Boulder^ Colorado. 
$1.00. 10 X 6f; 69; 1940 (paper). 

» 

SEX 

Transition Years. The Modem Approach 
to 'the Change in Womanhood. 

By Josew Kety. Greenbergs Publishers 
NewYork. $1.75. 8 x 5J; 168; 1940. 
The author, a gynecologist of four decades 
of experience, has written a straight- 
forward account of the climacteric, the 
**change of life" in woman, and the con- 
comitant alterations in mental and physi- 
cal makeup. These latter changes, espe- 
cially mental, need not be at all dis- 
turbing, but due to faulty knowledge and 
ignorance this period is looked upon with 


acute fear by many women. The author 
points out that fear is one of the most 
serious problems of the climacteric. * ‘All 
othem can be dealt with by simple means 
as diet, exercise, self-control and, where 
neccssaiy, an up-to-date medicament." 
There is a general outline covering the 
physical and psychological "troimles" 
which may accompany the change, the 
symptoms of such troubles, their relation 
to the climacteric, and the treatment of 
these ailments — especially the use of 
ovarian and thyroid extracts. This ac- 
count, addressed to all women and written 
mainly in narrative style, presents an 
excellent and unalarming survey of the 
period which so many women face and 
undergo with unnecessary fear. 

Your Marriage: A Guide to Happiness. 

By Norman E. Himes. Farrar and Rine- 
harts New York and Toronto. $3.75. 

8i X 5§; xiv + 434; 1940. 

Most books on sex and marriage within 
recent years have taken an extremist view- 
point. The writers have been cither 
zealous reformers or advocates of free love. 
It is some consolation occasionally to 
find a book, such as this, which is entirely 
rational and will serve as a guide to 
young people. Although the author dis- 
cusses the sexual and reproductive aspects 
of marriage, large portions of the volume 
are devoted to social and economic factors. 
Of particular value are the sections dealing 
with consumer guidance, budgets, in- 
surance, credit, and buying or renting 
a home. 

The author favors earlier marriages as 
a solution to several present day problems, 
particularly to those resulting from pre- 
marital sexual tension. However, early 
marriages introduce other problems per- 
haps equally serious. Many people will 
disagree with this and other viewpoints 
expressed throughout this volume, but 
by and large it should prove to be a most 
useful gaxQc. 

Sexual Disorders in the Male. 

By Kenneth Walker and Erie Straeess. 

With a Foreword by Sir Walter Langghn* 
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Brown. Willums & WiUtim Co., BaM- 
mort. $3.00. 8J X 5J; xiv + 148; 

Thu^l^ok is offered as a practical manual 
for the general practitioner and the medi- 
calstudm. In It the common male sexual 
disorders are discussed from the point of 
view of diagnosis and practical treatment. 
Both psychological and physical under- 
lying factors are considerea, the former 
being recognized as the most frequent 
etiologicallv. It is unfortunate, there- 
fore, that the book is able to give so little 
real understanding of how the psychologi- 
cal aspect is to be handled, and that so 
much space is devoted to descriptions of 

S ysicai measures. There is a list of 
etences and an index. 

* 

Sbx in Mabbiaob. 

By Efmst R. Grovu and Gladys H. 
Gfovis, Emifson Books ^ New York. $x.oo 
7ix5;i5o; 1940. 

This is not **|usc another sex book.'* 
The senior author. Professor of Sociology 
at the University of North Carolina, has 
lonff been a serious student of the problems 
of t^ily life — to him is credited the first 
college course dealing with such ques- 
tions. Mrs. Groves has ably assisted her 
husband in his work. In general, this 
edition differs little from the earlier one 
which was written “to aive briefly and 
clearly information whicn an experience 
of twenty years in dealing with family 
problems has led the authors to think 
most useful in helping young people meet 
the sex demands of marriage.’^ 



BIOMETRY 

Elbmbntz pbb UNA Tbobia Matbmatica 
DBL CONTAOIO. 

By Marcello Puma. Editoriale Aeronau- 
tical Roma. L. 13. yi x 5; 100 + 9 
folding charts; 19^ (^per). 

The well-known oimrential equation of 
growth is developed here and applied to 
the spread of contagion in a collectivity. 
I^e author examines briefljr the modifica- 
tions of the general equation depending 


upon the conditions postulated, such as, 
a closed or open community; immune, 
partially immune, or non-immune popu- 
lations; direct or indirect contagion, etc. 
Although theoretical and elementary, 
this book outlines very clearly the funda- 
mental concepts of a mathematical treat- 
ment of epidemics. 

Intboduction to Medical Biombtbt and 
Statistics. Third Edition^ Revised and En- 
larged. 

By Raymond Pearl. W. B. Saunders Co.^ 

Philadelphia and London. $7.00. 9^ x 

6|; XV + 537; 1940- 

This edition of a widely used text has 
been extensively revised. N^aterial that 
the general progress of the subject has 
rend^ed no longer useful has been omitted, 
giving space for new matter. Many new 
illustrations and tables have been added, 
and also a new chapter on the measure- 
ment of variation. Altogether the book 
has been increased in size by nearly 
80 pages. 



The Bulletin of Mathematical Bio- 
physics. Volume 2, Number December^ 
1940. 

Edited by N. Rashevsky. Editorial and 
Publication Offices^ Drexel Avenue^ 
Chicago. 

This number contains the following pa- 
pers: Some general theorems of the motion 
of incompressible viscous fluids, by G. 
Young; A neural mechanism for discrimi- 
nation III. Visually perceived lengths 
gqd distances, by A. S. Household; 
Deformation of shell shaped cellular 
aggregates; Application to gastrulation, 
bylN. Rashevslcy; Some considerations on 
mathematical molecular biophysics, by 
N. Rashevsky; Index for Volume i. 

$ 

PSYCHOLOC^Y AND BEHAVIOR 

Expiaxations in Pbmonautt. a Clinical 
and Exptrimtntal Study of Fifp Mon of 
Collogt Ago. Harvard Ftyebologjwal Clinic. 
By Homy A. Murray. Qrefom University 
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PnsSf Niw YMl, London and Toronto. 

$8.50. ji X xiv + 761; 1938. 

This bookprescnts a detailed and technical 
account of the most original, thorough- 
going, and systematic attempt at a con- 
sistently scientific appraisal and under- 
standing of human personality that has 
yet been made. It is a collaborative effort 
of a group of persons, in respect of both 
the observational 'and experimental work 
upon which the account is based, and the 
aaual writing of the book. But to Mur- 
ray, the planner, director, analyst, and 
synthesiaer of the investigation clearly 
belongs the major part of the credit for 
the success and significance of the out- 
come. The studies were made on 51 male 
subjects of college age. Eleven were 
drawn from the ranks of the unemployed. 
The remainder were students, all chosen 
by the Harvard Employment Office, with 
equal representation of high and^ low 
scholarship, and paid the current wage 
for their service as subjects. They were 
' 'normal" persons, in the usual and con- 
ventional sense that they had not been 
regarded as, or accused of being, either 
more or less crazy than the general run 
of mankind. 

These subjects were put through a series 
of carefully sftid thoroughly planned ex- 
aminations, experiments, interviews, and 
tests widely ranging in their compre- 
hensiveness. It IS safe to say that no 
such number of "normal" human beings 
have ever been so thoroughly and com- 
pletely studied in respect of their total 
personalities as these were. 

The primary purpose of the study was 
methodological, and in this respect the net 
result is of first rate importance. A 
methodology has been developed that, 
even thou^ far from being yet perfected, 
will yield rich and novel rewards to the 
, psychologist and psychiatrist if it is con- 
sistently and intelligently employed. Spe- 
cifically in the present case it has yielded 
a composite picture of the jmsent day 
individual of college age that is clear-cut 
and illuminating within its defined bound- 
aries. 

The book is so packed with technical 
detail in both its theoretical and objective 
aspects as to make any summary of find- 
ings impossible in the space here available. 


But every student of human biology, 
whatever his special field of interest, will 
wish to read and study it. For it is a 
contribution belonging in the absolutely 
first rank of significance. There is in- 
cluded at the end a glossaty of terms used, 
which the reader will fina extremely use- 
ful, and a competent index. 

* 

SoaAL AND Biological Aspects of Mental 
Disease. 

% Benjamin Malzjkerg. State Hospitals 
Press^ Utica^ N. Y, $1.50. 9i x 6}; 
360; 1940. 

This very interesting statistical survey is 
based on standardized data recorded on 

S atients with mental disease in New York 
tate since 1890. In the first chapter the 
trends of mental disease in New York 
State are investigated, and the general 
conclusion reached that a relative increase 
in such diseases exists. It is noted that 
this does not necessarily imply an increase 
in the number of defective family stocks, 
but is consistent with the degree and 
rapidity of social changes which have 
occurred in recent generations — a con- 
structive viewpoint tor mental hygiene. 
In the second chapter the relationship 
between age and mental disease is con- 
sidered. It is pointed out that the natural 
sequence of mental diseases through the 
dinerent age periods — dementia praecox 
and manic-depressive psychoses in the 
early periods of life, general paresis and 
alcoholic psychoses in the middle period, 
and senili^ and arteriosclerotic psychoses 
in the later period— is an important con- 
sideration in planning a mental hygiene 
program. In the third chapter mental 
disease in urban and rural populations is 
compared. In Chapter IV, marital status 
in raation to mental disease is discussed. 
Except for general paresis, the incidence 
of mental msease is found to be higher 
in the single than in any other group, but 
it is pointed out that the marital status 
probahly represents selection on the basis 
of mentd characteristics. In Chapter VII, 
"Race and mental disease," particularly 
interesting findings occur. It is found 
that the Irish show by far the highest 
rate of first admissions-^ue primarily to 
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mental diseases associated with old age 
and with alcoholic addiction. The Scan- 
dinavians rank second, ranking high in 
general paresis and alcoholic psychoses. 
Geimans, Italians, and English follow in 
the order named. It is stressed that 
cultural factors must be considered in any 
interpretation of these findings, and that 
racial factors alone may be misleading. 
In Chapter X, “Mental disease among 
Negroes,” it is shown that the ratio of 
first a(hnissions in Negroes as compared 
with whites is i to i. Dementia praecox 
is the leading psychosis, with general 
paresis ranking second, manic-depressive 
psychosis third, . alcoholic psychoses 
fourth. In Chapter XI, economic factors 
in relation to mental disease are con- 
sidered. In the twelfth chapter it is 
found that illiterates have higher rates of 
first admissions than literates. It is not 
felt, however, that illiteracv and mental 
disease are causally related, but that both 
arise from the same social conditions. In 
Chapter XIII, it is found that mortality 
rates at corresponding ages are from 3 to 
6 times as great among patients with 
mental disease as among the general pop- 
ulation. This heavy mortality results in 
a reduction of approximately 18 years 
and 1*4 years in the life span of the male 
and female patients, respectively. In the 
fourteenth chapter, the efficacy of insulin 
shock therapy in dementia praecox is 
evaluated. It is reported that, following 
termination of treatment, ix.9 percent 
of the patients were reported recovered 
and 65.4 percent improved. One year 
after termination of treatment, all of the 
recovered patients were still recovered and 
49.0 percent were stiU improved. In un- 
treated cases the recovery rate was only 
4 percent and the improved rate 1 1 percent. 
Paranoid and catatonic types showed bet- 
ter results than hebephrenics, and short 
duration of illness before treatment was a 
favorable factor. 

The data on which the conclusions are 
based in each chapter are included in 
tabular form and the results of analysis 
shorn in simple, lucid graphs. The dis- 
cussion is presented briray and concisely. 
There is a bibliography and an index. 


Lb Stmdbomb db DfisiNTfioBATioK Pbo- 
NfinOJOB DANS L’Aphasib. 

By Tb. Alajeuanitu, Andri OmbndMU, and 

Margfuriti Durand. Masson tt Cie, Paris. 

80 cents. 9x6; 138; 1939 (paper). 

Four cases in which aphasia accompanied 
paralysis of the right side were each ob- 
served and treated by the authors over a 
number of years. Although the results of 
the usual neurologic examinations, psy- 
chologic, and reflex tests are presented for 
each of these patients, it is with the 
phonetic defects that the authors are 
particularly concerned. Although the mu- 
tations in the pronunciation of words 
dififered with the patients some of the 
fairly consistent tendencies included the 
use of a lip stop consonant at the beginning 
of words, the substitution of buccal vowels 
for nasal, such as da for dans; supression 
of r, especially when it should be vibrant, 
or its substitution by a liquid, e.g. Lot>6 
for Robert [the illustrative words are, of 
course, French throughout the book]; the 
substitution of hard consonants for soft, 
such as fipi for bib(; etc. One of the 
patients made few mistakes in spelling, 
word order, or grammar when putting 
into writing sentences which were spoken 
to her, or in giving in writing resumes 
of anecdotes and stories in pictures. The 
other three, in similar tests, elided syl- 
lables, transposed letters, and made other 
errors in spelling and grammar. None of 
these written products, however, re- 
sembled in their errors the phonetic muta- 
tions of the same material when given 
orally. In general the oral "phonetic 
disintegration" appeared to manifest itself 
in’k reversion to a “primitive” mode of 
articulation resembling the first efl^orts of 
a child learning to talk. 

A brief theoretical discussion as to the 
cause of this malady and suggestions for 
reeducation in speaking and writing, with 
which the authors have had some succas, 
ate included. The; illustrations consist of 
graphic representations of lip and laryn- 
geal movements in the pronunciation of 
certain words as made by normal persons 
and the patients, as registered on Rons- 
selot's cylinder. ^ 
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Thb Varibtibs of Human Phtsiqub: An 
Introduction to Constitutional Psychology, 

By W, H, Sheldon with the collaboration 
of S, S, Stevens and W, B, Tucker. Harper 
and Bros.^ New York and London. $4.50. 
9J X 6J; xii + 347 + 45 plates; 1940. 
The major portion of this book is devoted 
to outlining a method of classifying and 
grading body build. The approach de- 
scribed is two-fold. First, by visual 
inspection of photographs the amount of 
the endomorphic, mesomorphic, and ecto- 
morphic component, respectively, of the 
body and of its divisions is estimated on a 
seven-point scale. This estimate for the 
body as a whole is supplemented by the 
value derived from the use of the index: 
stature divided by cube root of weight, 
and for other body segments by the values 
of indices calculated from measurements 
taken on the photographs. After averag- 
ing in a number of ways the estimate and 
the computed indices, a single index such 
as, for example, 4x5 is finally obtained. 
This index supposedly reveals that in the 
particular subject the endomorphic com- 
ponent equals 4, the mesomorphic 1, and 
the endomorphic 5. In the usual terms of 
constitutional somatology this subject 
would be described as an asthenic — inter- 
mediate, or a flaccid asthenic. According 
to the scheme of the authors there are 343 
possible somatotypes, ranging from xii (!) 
to 777 (!) but only 76 have been observed 
in 4000 male college students. The au- 
thors deserve praise for the ingenuity 
displayed although their index does not 
differ substantially from others based on 
combined mensurational and impression- 
istic techniques. On practical and ra- 
tional grounds they have all proven 
unsatisfactory. A successful solution of 
the problem of somatotyping is essential 
to the further progress of constitutional 
somatology but until the problem is more 
clearly understood than so far has been 
the case, the classification of physical 
types must still be determined by some 
anthropometric indices or on the basis of 
the temperament types described centuries 
ago and to which the authors have also 
had recourse. 


GbTTINO MoBB Ol7T OF LXFB. 

By Joseph Jastrow. Emerson Books^ New 
York. $1.00. 8 X 5J; viii -t- 511; 1^40. 
Although the reference of certain British 
physicians of the old, or thick-skulled 
school to a nervous breakdown as an 
“American luxury’* is a slight exaggera- 
tion of the facts, there is sumcient mental 
instability among all classes of society to 
warrant an increase in the number of 
psychiatric clinics, as well as an increase 
m the number of psychology books for 
the masses by such level-headed psy- 
chologists as Jastrow. Until the layman 
has Income thoroughly acquainted with 
the capabilities and limitations placed 
upon him by his heredity and his environ- 
ment, there will remain many psychologi- 
cal mis-fits in our various branches of 
society. After a person has gained some 
idea of his own psychologic^ assets and 
liabilities, the next step in his training to 

! ^et more out of life is the dispelling of 
ears, signs, beliefs, and superstitions. 
The third step to the threshold of happy 
living is a recognition of the inter- 
dependence of mind and body. Jastrow 
believes that 

**In the near future medicine will recognize fsyebe^ 
somatics as the study of mental action on oMilv 
states in health and disease” and that ”There are all 
sorts of difficulties which only the knife can remove; 
but in every case the total patient must be considered 
and a goodly part of him is his mental attitude in 
disease.” He also agrees with a wise British doctor 
that “When a man is so ill that he thinks he is ill 
when he is not ill at all, then he is very ill indeed.” 

The book is written in a stimulating and 
quite readable manner, and is rralete 
with cases from the author’s files. There 
is a table of contents, but no index. 

* 

Mathbmatico-Dbductivb Thboby of Rotb 
Lba&nino. a Study in Scientific M.etbod'^ 
oloiy. Published for the Institute of Human 
Relations. 

^ Clark L. Hull^ Carl I. Hovland^ 
Robert T. Ross, Marshall Hall, Donald T. 
Perkins and Frederic B. Fitch. Yale 
University Press, New Haven; Oxford 
University Press, London. $3.50. 9! x 
61; xii -f 3x9; 1940. 

The theory of rote learning set forth in 
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these pages tepreseoa the coordinated 
dSort of Mjrchologists and mathemati- 
cians. "While it is believed W the 
authors that the present mono«apn con- 
tributes to an understanding of the learn- 
ing processes, it is judged that its chief 
vuue consists in the large-scale pioneering 
demonstration of the logico-empirical 
methodolo^ in the field of behavior." 
Scientific wvelopment is constituted of 
the relationship Mtween observations and 
ideas. The experimental procedure used 
in obtaining the observed facts of rote 
learning is dncribed, definitions are given, 
and a set of postulates is developed. The 
theoretical system is made up of numerous 
theorems derived from these definitions 
and pMtulates, and couched in the 
rmbolism of mathematics and logic. 
Theorems are then checked against the 
obsorved data and are found in some cases 
to be inadequate, although on the whole 
they have been experimentally verified. 
The authors express the belia that by 
utilizing the methodolo^ presented in 
this volume the social sciences may 
eventually attain the predictive power 
which characterizes the ph^ical sciences. 
However, until such specialists as were 
engaged in the present work further 
demonstrate the general applicability of 
the s^tem, it is doubtful if it will com- 
mana the attention of but a few in- 
dividuals. 


Nbo&o Ckimb. Comparative Psychology 
Manoprapbs, Volume i6^ Number 2, Serial 
NumSer St, 

By Jess Spirer, The Johns Hopkins Press^ 

Baltimore, $x.x5. 10 x 6}; 64; 1940 

(paper). 

This study of Negro crime is based on the 
commitment records of the Western State 
Penitentiary, Pittsburgh, Pennsylvania, 
between and It is found that 

when proportional incidence of population 
is taken into consideration, Negroes have 
been committed to the penitentiary ^.69 
times as frequently as nattvt whites. 
The highest proportional commitment is 
found for crimes of violence (murder and 
assault) for which Negroes were com- 


mitted 19.06 times as frequentlyTas native 
whites. Possible explanations ^^of tto 
proportionally large number of, commit- 
ments among Negroes are discussed and 
the conclusion reached that it cannot be 
entirely accounted for by (a) the presence 
of proportionately more males in the 
Negro population, (b) the presence of 
proportionately more males in the crime 
committing ag^ in the Negro population, 
(c) the {Hxsence of Negroes who are not 
native-born Pennsylvanians, or (d) the 
concentration of Negro populations in 
industrial areas. It is likewise concluded 
that there is insufficient evidence to 
ascribe to the Negro a biological inferi- 
oti^ to account for his so<alied "crimi- 
nality." There is a bibliography of 
no titles. 

* 


A Study of Expbrimbntally Induced 
Competitive Behavior in the White 
Rat. Comparative Psycholo^ Monographs. 
Volume JS9 Number 6, SeriafNo, yS, 

By Charles N. Winslow, The Johns 
Hopkins Press^ Baltimore, 75 cents. 10 

35. 1940 (paper)- 

The writer proposed to attempt to answer 
several questions as to the effect which 
competition has on the rat. To this end 
three experiments were set up in which 
first singly and then in pairs the animals 
(i) ran over a straight course to a visible 
food reward; (i) ran mazes to the reward; 
and (3) pulled the reward from above by 
means of a pulley. The writer concludes 
that "Rats respond competitively to one 
another when they are avals for a single 
piece of food" and that the animals may 
respond in one of two ways; either by an 
increased effort or by inhibition as a result 
of frustration at losing. Inasmuch as two 
rats would often fight over the food if 
they both arrived at the same time there 
was obvious competition. But from the 
writer’s statements as to the initial be- 
havior of the animals upon release, 
coupled with the lack of statistical 
significance of the differences in competi- 
tive and non-competitive times, it would 
appear that by and large the rats just 
dtdi not know what it was ail about. 
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The Fiest Five Years op Lipe. A Guide 
to the Study of the Preschool Child, From the 
Yale Clinic of Child Development. 

Part One by Arnold Gesell; Part Two by 
Henry M. Halverson^ Helen Thompson^ 
Frances L. llg^ Burton M. Castner and 
Louise B. Ames; Part Three by Arnold 
Gesell and Catherine S, Amatruda. Harper 
and Bros.y New York and London, $3.50. 
9i X 6i; xiii + 394 + II plates; 1940. 
G^ell and his associates summarize their 
views and conclusions on the behavioristic 
development of children from birth to six 
Years of age. In the first part of the 
book a general picture is given of the 
typical pattern of motor responses and 
adaption, language and person-social be- 
havior traits at different stages in infancy 
and early childhood. Included are a series 
of beautiful photographic illustrations 
of the type found in GesclFs principal 
publications. In the second part of the 
book a detailed discussion is presented 
of the development of each of the above 
characteristics. The third part contains 
an outline of the method and technique 
of examination. It is needless to say 
that this is probably the most authorita- 
tive and comprehensive work on a subject 
in which the work of the author and his 
group have been greatly responsible for 
such progess as has been made. 



Selected Writinos of Sir Charles Sher- 
rington. A Testimonial Presented by the 
Neurologists Forming the Guarantors of the 
Journal Brain, 

Compiled and Edited by D, Denny-Brown, 
Paul B, Hoeber^ Medical Book Department 
of Harper and Bros,, New York, $7.50. 
9I X 7J; xiv + 531; 1940. 

This compilation at once pays tribute to 
the genius of Sir Charles Sherrington and 
serves as an excellent reference book for 
neurologists, physiologists, and psychol- 
ogists. No pretense is made to cover the 
entire range of contributions, but the 
selection cmers those papers which are of 
greatest interest to workers in these fields. 
An effort has been made to give the volume 
chronological continuity as well as an 
orderly arrangement of the subjects treat- 


ed. The reprints and extracts include 
discussion ot motor and sensory innerva- 
tion, spinal and bulbar reflex activity, 
postural reflexes, reciprocal innervation, 
the motor cortex, and the nature of reflex 
excitation and inhibition. The entire 
volume represents a masterful piece of 
work in editing and compiling this vast 
body of material. Following the text is 
a complete bibliography of Sherrington’s 
papers and a thorough index. 



Die Tibrischbn Instinktb und ihr Umbau 
DURCH Erfahruno. Eine Einfuhrung in 
die Allgemeine Tierpsychologie, 

By J, A, Bierens de Haan. E. J, Brill, 
Leiden, 8 guilders (paper); 10 guilders 
(cloth). 9f X 6i; xi + 478; 1940. 

The author has rendereo a service to 
psychologists in bringing under one cover 
the work of numerous laboratories in an 
effort to synthesize an understanding of 
the processes of instincts, their changes 
through experience and learning, and their 
place in the total personality of animals. 
After a general discussion and an ordering 
of the more important instincts the author 
attempts to find out whether the instincts 
are endowed with ‘‘plasticity and elas- 
ticity.” From the published literature 
and his own researches he concludes that 
they are, and may be manifested in varia- 
tions, adaptations, and regulatory proc- 
esses. He further affirms that some can 
also be influenced by training and 
imitation. 

The bibliography covers 33 pages, and 
an index of authors and one of animals 
has been provided. 



Studies of Abnormal Behavior in the 
Rat. II, A Comparison of Some Convulsion- 
Producing Situations, Comparative Psychol- 
ogy Monographs. Volume 16, No, i. 

By Norman R, F, Maier and Nathan M. 
Glaser, The Johns Hopkins Press, Balti- 
more. 73 cents. 10 X 6f; }o; 1940 
(paper). 

There have been a number of experiments 
which demonstrate the occurrence of 
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paroxysms in animals as a result of certain 
types of auditoiy stimulation. The pres- 
ent study was oesigned to determine to 
what extent the behavior abnormalities 
ate related, and to offer ^sible explana- 
tions. The stimuli (jingling keys, hissing 
air, bell, buzzers, and vraistle) were given 
to the rats under varying degrees of 
confinement and conflict-producing condi- 
tions. Several interesting findings are 
reported, chief among which is the in- 
crease in frequency of convulsions when 
the rats are involved in a conflict situation 
to which th^ have no adequate response. 
The study is well planned and clearly 
presented, but is open to criticism in 
respect to the small number of animals in 
the experiments. 

* 

Comparative Psychology: A Comprehm- 
siv0 Tnatisi, Volums I/, Plants and In- 
Pirttbrates. 

Bjf Carl J. Warden^ Thomas N. Jenkins 
and Lucien H. Warner. The Ronald 
PresSf New York. $6.00. Sf x 5!; 
xiii + 1070; 1940. 

This book represents a compendium of the 
literature on plant and invertebrate com- 
parative psychology and behavior, and 
contains a staggering list of references 
which covers xi3 pa^es. The material in 
each chapter is organized under two broad 
headings : receptive capacities and reactive 
capacities of the ground under considera- 
tion. The material has been well digested 
and is concisely summarized. Axi in- 
valuable source book for the biologist 
who is interested in more than the mor- 
phological side of his subject. There is a 
subject and author index. 



DE OMNIBUS REBUS 
ET QUIBUSDEM AUIS 

History and Science: A Study of the 
Relation of Historical and Theoretical Knowl- 
edgo. 

By Hugh Miller, University of California 
Press^ Berkehy. $i.oo. 8| x 3§; x + 
aoi; 1939. 

This is a philosophical discussion of two 
fields of mtellectual exploration, as re- 


stricted by the author's own definitions. 
Science he limits to the study of things 
that occupy space, and History he exprads 
to the study of Processes that occupy time. 
It was Darwin's epoch making hook that 
caused the scientists of subsequent genera- 
tions to become time-conscious; previous 
to Darwin all science was purely descrip- 
tive and entirely devoid of any tendency 
to draw inferences by which the future 
might be forecast. 

For this reason, according to the author, 
Darwin and his satellites are not so much 
historically-minded scientists as they are 
scientifically-minded historians . This 
seems a mere verbal quibble at first, 
especially when we recall that modem 
relativity physics bids fair to accomplish 
the synthesis of time and space, if indeed 
it has not already done so. Also the 
author believes that the philosophy of the 
historian is more likely to he empiric 
than that of the scientist. This is surpris- 
ing for one would naturally think that a 
philosophy limited to the contemplation 
of things would be empiric rather than one 
devoted to the contemplation of processes 
which can be apprehended only by observ- 
ing things and drawing inferences from 
the changes wrought in them by time. 
But this supposition the author most 
emphatically denies. It is difficult to 
follow his logic, but the reader who 
endeavors to feulow honestly the author's 
thought is likely to be converted by the 
essentially sane and healthy conclusions to 
which the author leads him before he 
gets half-way through the book. 

Perhaps most readers will feel that the 
chapter dealing with the relation of 
history and religion is the most vital in 
t?he entire work, especially in view of the 
strange tendency today among representa- 
tives of organized religion to derive aid 
and comfoi;t from Heisenberg's uncertainty 
principle. This tendency seems more 
pronounced among those whose under- 
standing of Heisenberg is least, and its 
implication is that religion can flourish 
better in a chaotic than in an orderly 
universe. 

Miller says nothing about Heisenberg 
but his discussion of dlie historical aspect 
of religious development leaves no doubt 
as to where he stands.^ /Primitive peoples 
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have developed religion onl^^ insofar as 
th^ have able to perceive unifying 
principles in the univserse. They pray 
for favor to anthropomorphic personifica- 
tions of these principles. There would 
be no point to prayer in a universe so 
chaotic that all happenings were for- 
tuitous. The theory of evolution, by 
making the scientific mind time-conscious 
and also by accentuating the unity of the 
universe, nas served to check rather than 
to accelerate the Gotttrddfnmerung of Chris- 
tianity; notwithstanding the statements 
of certain shallow-minded ecclesiasts who 
attribute to the theory the materialism 
of the nineteenth century. 

The closing chapters dealing with 
democracy and progress are also vitally 
significant and it is to be hoped that this 
work will receive the attention that it 
merits, for it is a really valuable contri- 
bution to modem scientific and philo- 
sophic thought. Unfortunately it has no 
index. 

* 

Thb Wandbrino Lakb. 

By SvM Hedin. Translated from the 

Swedish by F, H. Lyon, E, P, Dutton 

and Co,^ New York. $3.73. 9 i X 6i; 

X + 191 + 31 plates; 1940. 

Sven Hedin’s name has become so well 
known through earlier books of his that 
no special introduction is necessary here, 
but the title of the present work is mis- 
leading and requires some explanation. 

The lake of Lop-Nor was fed by the 
Konche-daria, and has no outlet but by 
evaporation. Some distance above the 
lake the river is divided as if by a delta, 
but the two arms so formed never unite 
again. The other branch is the Kum- 
daria, which at the time of the author’s 
first visit to this part of Central Asia in 
the last century was quite dry. It 
terminated in a sink. Any one accus- 
tomed to the vagaries of rivers in desert 
countries, like our own Colorado as de 
Niaa and Kina saw it, before its spirit 
was broken by the harness of dykes and 
levees that now restrain it, can readily 
understand how the flow of such a stream 
might alternate between the two arms of 
the delta, and if each arm led to its own 
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sink there would be two lakes, which 
would alternate in receiving the flow of 
the water. 'The lake of Lop-nor was two 
independent lakes that existed not simul- 
taneously but alternately. 

Sven kedin’s story is of interest not 
because it is the report of a strange 
natural phenomenon, but because on 
visiting the area in 1900 he prophesied 
that in the next generation the stream 
would shift beds again for the first time 
since the year 330 A.D. On his return in 
1934 he found his prophecy fulfilled. 
Since the lake occupies a position of 
extreme inaccessibility in the plateau of 
Central Asia, seldom visited by white 
men, the story is of great interest and 
importance, and the numerous illustra- 
tions, by the author, add much to it. 
It is well indexed and has several maps. 

i 

SciBNCB Front 1939. 

By F, Sherwood fay lor. Cassell and Co.^ 

London, Toronto^ Melbourne and Sydney; 

The Macmillan Co,^ New York, js. 

net in England; $1.50 in America. 

7|x3;30i + 8 plates; 1939. 

The Science Front of 1939 was so broad that 
it was nearly impossible for one reporter 
to cover it entirely but this is an ad- 
mirable attempt. Ilie clarity and preci- 
sion with which are discussed such 
technical topics as chemotherapy, sex and 
the steroids, television, the atom, the 
treatment of cancer, schizophrenia, the 
aurora borealis, plant growth substances, 
and the universe, is commendable. For 
anyone beyond the age of 16, whether his 
interests lie in biology, chemistry, physics, 
medicine, astronomy, or radio, this book 
will prove to be as fascinating as it is 
informative. 

In discussing such vast topics — about 
any one of which countless volumes can 
be, and have been, vwitten — ^it is impossi- 
ble to develop the entire field. The dis- 
cussions are restricted to the most tecent 
discoveries, developments, theories, aspira- 
tions, and lines of research in the various 
subjects. When the scientific advance- 
ments of the past decade are compared 
with those of the ptevious five decades. 



THE QUARTERLY RWIEW OF BIOLOGY 


the astouadingly acceleratiag pace of 
science is fnily realized. 

The textuu material is well supplied 
with formulae, charts, graphs, drawings, 
and photographs, and is provided with a 
complete index. 



Thb Chicago Collbob Plan. 

Ejy Cbauncey S. Boucher, Revised and 
Enlaried after Ten Years* Operation of the 
Plan hy A. J. Brumhaugff, Universi^ of 
Chicago Press ^ Chicago, $3.00. 8 x 3^; 
xiii + 413; 1940. 

It is about fifteen years since the Univer- 
sity of Chicago nrst decided to com- 
pensate for the long neglect of its under- 
graduate schools bv developing a system 
that would raise tnese parts of the Uni- 
versity to the prominent rank of its 
mduate divisions. The result of this 
decision was the formulation of the 
**Chicago College Plan,** now widely 
known, but first presented to the faculty 
in Mav, iqx8, in a report of the progress 
made bv the special faculty committee on 
the undergraduate colleges. The freshmen 
entering in September, 1931, were the 
fint students to enroll und^ the new, or 
divisional, plan. The first edition of the 
present booK was written and published 
in 1935 by the dean of the College; it 
might well be considered another report 
of Mogress. The 1940 edition, revised 
by uean Boucher's successor, discusses 
the plan ten ^ears after the initial changes 
that put it into operation. Dean Brum- 
baugh's edition is a good presentation of 
an attractive educational program by a 
man who is familiar with its operation, 
and as such it should be worth reading 
by anyone interested in our modem 
schools. 

* 

Tbb Autbob Publisher Printer Complex. 
By Robert S. Gill. Williams 4 T Wilkins 
Co., Baltimore. $1.00. 7 J x 5 ; iv -f- 76; 

1940* 

Thu handy volume is in no sense a style 
manual. It gives neither rules for punc- 
tuation, nor for grammer, nor does it give 
"Examples": yet it does contain the 
essential directions for preparing a manu- 


script for the printer. Written by one 
witn many years* experience in the 
publishing business, it gently, and at times 
with considerable humor, leads the reader 
through the different stages that printer 
and author have more or less in common 
in the process of getting a manuscript 
before the public. The beginning author, 
or editor, heeding the invaluable sug- 
gestions herein discussed will find this 
p^ticular part of his work moving along 
with astonishing ease. 

Make Your Picturbs Sing! How to 
Perfect Your Technique. 

By Paul L. Hexter. Camera Craft Pub- 
lishing Co., San Francisco. $3.00. 8f x 
6; 188; 1940. 

Written in a manner completely under- 
standable to the amateur photographer, 
this is one of the best of numerous recent 
volumes on the subject. It presents many 
practical suggestions for j^oducing fine 
photographic results. The principles de- 
scribed are well illustrated, out the book 
lacks an index. 

* 

1940 Britannica Book of the Year. A 
Record of the March of Events of ig^g. 

Prepared under the Editorial Direction of 
Walter Yust. En^lopaedia Britannica, 
Inc., Chicago, London and Toronto. $10.00. 
io| X 81 ; XX + 748; 1940. 

A us^l record, alphabetically arranged, 
of events of 1939 in all fields of endeavor 
and all parts of the world. As in the 
earlier volumes of these annuals, illustra- 
tions, an index, and a calendar of events 
of the year have been provided. 



University of Colorado Studies. Series 
B. Studies in the Humanities. Vol. i. No. 2. 
Containing: Aspects of the Relations between 
Philosophy and Literature, by Joseph W. 
Cohen; Chaucer s Text-book of Astronomy; 
Johannes de Sacrobosco, by Walter B. Veazie; 
James Thompson in Central City, by Marjorie 
L. R^bum; Soms Notes on the Plays of 
T.J. Dibdm, bv James Sandoe. 

University of Colorada^ Boulder. $x.oo. 
lo X 6}; 104; 1940 (p4pcr). 



THE PRICES OF BIOLOGICAL BOOKS IN 1940 

Bt MAUD DaWnT PEARL AND RAYMOND PEARL 

Dtpartnmt of Biology, School of Hygittu and Public Health, Johns Hopkins Uninorsiiy 

W HEN the QuARTEaLT Rb- 4,194 fewer pages, or 47.0 percent, than 
VIEW OF Biolooy began those reviewed in 1939 from the same 
publication in 1916 the source. To offset these deficits there 
custom was inaugurated of were increases of only 1,989 pages for 
reporting at the end of each volume on the U. S. A. books (other than govem- 
cost of the books that had been reviewed mental); 431 pages for Other countries; 
in its columns during the year. The and 310 pages for British Government 
present paper, therefore, is the fifteenth publications. The changes in prices of 
of these reports on the prices of biological books from the belligerent countries will 
books. Tlie prices of foreign books be discussed below, 
have been converted into dollars on the In the fifteen years of the Quarterly 
basis of the exchange at the time the Review’s history the books reviewed in 
books were received. Table i shows the these columns have aggregated a total of 
findings for 1940, arranged in the cus- 1,968,919 pages. To American buyers 
tomary manner. these cost in the aggregate a total of 

Table i shows definitely effects of the $20,879.34, leading to an average price 
impact of World War II upon the scholarly per page for the total of 1.060 cents, 
activities of Europe. This accords with The weighted average cost of 0.959 
the anticipation expressed in last year’s per page for all the books reviewed in 
report. Already it is clear that the 1940 is 10.4 percent lower than that for 
report for 1941 will present a still sadder all the books reviewed in our columns 
picture. In 1940 the first evident effect during the preceding fourteen years 1916- 
is in the decreased total number of pages 1939 inclusive, taken as a bulk total, 
of biological books from the belligerent It is higher than the corresponding aver- 
countries reviewed in these columns, age for 1939 of 0.941 cents per page by 
The total number of pages reviewed in 1.9 percent. The 1940 average price 
1940 is 164,634, a decrease of 14,947 per page for all books reviewed is ix.6 
pages or 8.3 percent below 1939. The percent lower than the corresponding 
frlling off in material from belligerents figure for 1926, which was 1.097 cents, 
was 4,842 pages, or 66.5 percent for But the generally accelerating fall in the 
Germany; 4,003 pages, or 41.2 percent prices of biological books that began in 
for France; 3,090 pages, or 18.8 percent *937 and was commented on in last 
for Great Britain; and 1,379 pages, or year’s report was somewhat checked in 
10.0 percent for British-American books. 1940, as will appear later in the more 
These four items together represent a loss detailed analysis presented in Table 2 
of 13,5*4 pages. Also the U. S. Govern- below. . 

ment publications reviewed in 1940 had In 1939 Germany stayed in her cus- 
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TABUS z 

Mas sf hisUgkd h—ks^ 194s 



TOTAL 

VAOBS 

TOTAL 

COST 

mass 

Tia VAoa 




tmtt 

Germsny 

a -»547 

556-63 

1.11 

Bridth American . . . 

14,178 

179*45 

1.17 

British Government 

1,300 

16.19 

1.15 

Great Britain 

13,380 

149.19 

I.Il 

Other countries 

4-758 

51*39 

1.08 

United States 

118,057 

1,088.95 

0.91 

France 

5-706 

30-45 

0.50 

U. S. Government . . 

4-718 

6.90 

0.15 

Totals and weighted 




average, 1940 

Totals{and weighted 

164,654 

i» 579 *i 5 

0.959 

average, 19x6- 



' 

1939 ind 

1,804,165 

19,300.09 

Z.070 


194X very few, if any, German books for 
review. Since last June there have been 
virtually no books coming through to us 
for review from that source. 

Following the custom inaugurated some 
years ago Table i shows the price trends 
of books published in various countries 
during the decade from 1931 to 1940 
inclusive and the absolute and relative 
changes in price from 1939 to 1940 and 
from 1931 to 1940. 

The average prices per page of our 
samples of biological books were lowsr 
this year than in 1939, from only three 
sources, namely “Other countries,’* 
British Government, and France. The 
drop was relatively large for “Other 


TABLE 1 

Csmparhsn »f tbi prkts of hidogkd books for tbo docado from 199s So 1940 


OUODf 

AviaAOE nice nn page 

CBANOS + 01 - 
flOM 1939 TO 1940 

CXANOI + 01 — 
riOH 1931 TO 1940 


19)1 

19)1 

<933 

*934 

<933 

* 93 S 

*937 

* 93 S 

*939 

1940 

AlMolntt 

RsUtivt 

Abioltt«e 

RcUtivc 



mtt 

<r" 

tmt 

tmOi 


tmu 


mot 

tmt 

tmt 

ptrtm 

tmt 

ptrtm 

Bridsh«American 

1.17 

1.48 

1.19 

*•45 

*•53 

1. 81 

*•44 

Z.16 

1. 10 

1.17 

+0.17 

+» 5-5 

— 1.00 

- 44 -* 

Other countries 

*•53 

1. 01 

0.85 

0.86 

1.10 

1.16 

0.86 

1.18 

1.48 

1.08 

— 0.40 

-17.0 

-0.43 

-19.4 

Great Fritain 

1.19 

0.89 

0.66 

0.96 

0.84 

0.94 

1.17 

1.04 

1. 01 

Z.Il 

4-0. 10 

+ 9-8 

—0.07 

“ 5-9 

United States 

1.05 

1.00 

1. 01 

0,93 

0.90 

1.03 

0.93 

0.96 

0.90 

0.91 

-f-O.Ol 

+1-1 

-0.13 

-11.4 

Germany 

*’75 

Z.60 

*•43 

1.89 

1.04 

1.84 

*•95 

1.31 

1.16 

1.11 

•4-0.06 

+X.8 

+0.47 

+16.9 

Bridsh Government 

1.03 

*•45 

*•39 

0.89 

0.30 

1.61 

0.34 

0.45 

1.30 

1.15 

—0.03 

- 3-8 

*4-0.11 

+ 11-4 

France 

0.69 

0.60 

0.74 

1.00 

0.86 

1.05 

0.85 

0.71 

0.63 

0.53 

— 0.10 

-13.9 

—0.16 

-13-1 

U. S. Government 

0.18 

0.36 

0.17 

0.18 

0.11 

0.11 

0.16 

0.17 

0.14 

0.13 

-1-0.01 

+ 7-1 

-0.13 

-46-4 


tomary position at the head of Table i, 
as the source of origin of highest prices 
for biological books. And, in general, 
all the sources of origin stood this year 
in about their usual order, except for the 
dropping of the “Other countries” item 
from second to fifth place on the list, 
and some unimportant internal rearrange- 
ment of the three British items. 

In X939 the German biological average 
book prices per page dropped a little 
from the previous* year's level. But in 
X940 the average price increased over 
^939* by ^ insignificantly small amount. 
By present indications we shall have in 


countries” (17 percent) and France (13-9 
percent). In the case of all the other 
sources of origin the prices were higher 
in 1940 than in X939, by amounts ranging 
from about 2. percent for books com- 
mercially produced in the United States 
to 15.3 percent for the British- American 
publications. French books continued 
and enlarged, both absolutely and rela- 
tively, the decline in average price per 
page noted last year. 

Over the ten year period from X93X to 
X940 inclusive the average prices per page 
of the books here reviewed show^ a 
decline from every source of origin except 
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two, namely Germany and British Gov- 
ernment. These declines ranged from 
5.9 percent in the case of books com- 
mercially published in Great Britain to 
46.4 percent in the case of U. S. Govern- 
ment publications. The United States 
Government still continues to dissemi- 
nate scientific information at a price to 
the consumer well below any other 
source known to us. American biolo- 
gists, of course, pay their due share of 
the taxes that make this beneficence 
possible, in last analysis. But, in all 
fairness, it is probable that most of them 


these 15 years covered by the averages 
for every dollar spent for biological books 
commercially published in the United 
States $1.65 had to be spent on the 
average for biological books published in 
Germany. And similarly, nmtatis mu- 
tandis^ for other comparisons. 

It is evident, from what has now 
grown to be a substantial sample, that 
during the past fifteen years biological 
books from all over the world taken 
together have averaged to cost the 
American biologist very close to a cent 
a page, taking good, bad, and indifferent 


TABLE 3 

Aptraff hioUgksl hook priets ovor tho fiftoon ytar poriodt 1916-1940 inclusivt 


OmUHN 

TOTAL PAGES 

AVEIAOB 
PEICB PEE 
PAGE 


BELATXVE AVEBAOE PllCB ON BASE 100 TOB 


U. S. 
Gon. 

Frtooe 

Brit. 

Gore. 

U.S. A. 

Gf«ac 

Brie. 

Otfatr 

Cottot. 

Brit. 

Amer. 

Ger- 

mtof 

Germany 

I<1,904 

tm0i 

1.651 

794 

141 

x68 

165 

x6o 

Ill 

XII 

100 

Bridth-American 


J -479 

7 ” 

1x6 

MI 

148 

M 3 

X05 

100 

89 

Other countries 

6«,375 

1-354 

651 

197 

138 

M 3 

Ml 

100 

9 ^ 

81 

Great Britain 

163,396 

1.033 

497 

15 * 

103 

103 

■Q] 

76 

70 

63 

United States 


1. 001 

481 

146 

101 

100 

97 

74 


6x 

British Government 

“.499 

0.581 

47a- 

M 3 

100 

98 

93 

73 


59 

France 

148, x67 

0.686 

330 

100 

70 

69 

66 

51 


41 

U. S. Government 

64,111 

0 

0 

CO 


30 

11 

11 

10 

M 


M 

Total and weighted average . . . 

1,968,919 

1.060 

— 

— 

— 

— 

— 

-- 

— 

— 


will feel that the part of their tax dollar 
that is spent in this way is much more 
usefully and wisely spent than a lot of 
the rest of it. 

Table 3 sums up the whole fifteen 
years experience of the Quarterly Rb- 
viBw. That table has been expanded 
this year to include a new feature. In 
the last eight columns of the table the 
average per page price over 15 years is 
successively taken as 100 (bold figures) 
for each source of origin of the books. 
Then the average prices per page for 
every other source of origin is expressed 
in the same column relative to 100. So 
then it is seen, for example, that over 


together. Furthermore it is plain that 
the sources of origin of these books fall 
into three fairly sharply defined groups 
relative to unit prices to the American 
buyer. In the first or relatively high 
priced group fall books in the British- 
American, Germany, and “Other coun- 
tries’* categories of origin. The primary 
reason why the British-American books 
fall in this category is because they carry 
an import duty charge, paid on the sheets 
manufactured in England but issued here 
by an American branch house. The next 
or medium priced group includes the 
United States, British Government, and 
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Great Britain (commercial publishers). 
N(Mie of the books in this category carry 
import duty charges in the prices here 
tabulated, because in the case of the 
British books the English prices are used. 
Actually an American baying these books 
would have to pay duty. This would 
then, in fact throw them into the same 
group as the British-American publica- 
tions. Finally the third or relatively 


low price group includes books published 
in France and by the U. S. Government. 

The reader should bear in mind that 
these reports are based on small samples 
of books in general and, for some coun- 
tries, on small samples of the biological 
books published. He should therefore 
be cautious in applying conclusions drawn 
from this material to the general domain 
of book prices. 
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